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Abstract 
The scope of this thesis project is framed within the project 'Semilla Sustentable', which aims at 
performing sustainable interventions in a school shelter in the indigenous community of 
Tentzoncuahuigtic, located in the North Sierra, state of Puebla, Mexico. The aim of the thesis project 
was to evaluate the social barriers present within the community that would hinder the adoption and 
acceptation of the new DHW technology, and to bring engineering solutions for the issue of providing 
domestic hot water in the shelter. The inhabitants of the shelter participated from the first phase of the 
design process. Firstly, their concerns and ideas about the use and conservation of water were collected 
and analyzed. Secondly, several activities were carried out in order to lower the encountered barriers to 
a level where they would not prevent the development of the project. Thirdly, a solution was presented 
to the community, and through. Throughout the project, regular visits were scheduled to the 
community, and actions were taken to guarantee the satisfactory adoption of the new technology.  
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Introduction 
The scope of this thesis project is framed within the project 'Semilla Sustentable', which aims at 
performing sustainable interventions in a school shelter in the indigenous community of 
Tentzoncuahuigtic, located in the North Sierra, state of Puebla, Mexico. The objective of the present 
work is to show how barriers can be lifted and made irrelevant when the community where the new 
technology is going to be implemented is involved in the design process. 
In order to do this, a methodology was followed in which activities were executed, and, as the feedback 
from the participants was analyzed, new methods of approach were decided. The project lived and died 
with the participation of the community, so insuring their openness and collaboration was one of the 
main priorities throughout the entire field work period. 
Often, sound engineering projects, offering a solution that makes sense both technically and financially 
do not find acceptance within the community where it is intended to operate, and the projects do not 
achieve their objectives. This happens more often in rural communities, where the traditions are more 
deeply rooted, and changing the mentality of the population is harder than in communities where 
technology is used on daily basis. 
The driving idea of this project is to show how, by means of respecting the cultural background and the 
desires of the inhabitants of a certain community, Engineering projects can be carried out without facing 
reluctance from the population. In addition, it is meant to be demonstrated  how the participation of 
the individuals influenced the Engineering proposal that was given out at the end. 
In the present document, the reader will find information about what are the elements than conform 
the idea of sustainable rural communities, and what are the most common faced barriers by projects 
implementing renewable energy projects. An introduction to the historical background of the region 
where the shelter is located is given, so the reader can understand better the current situation of the 
inhabitants of the shelter. Finally, it will be explored and established how the activities carried out 
during the field work contributed to lowering the barriers, and how the final design proposal is a 
reflection of the desires of the members of the community in Tentzoncuahuigtic. 
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Chapter 1. What are sustainable rural 
communities  
1.1. Overview of the chapter 
In the present chapter, the elements that define a sustainable rural community will be presented. The 
impact of RETs in rural development, as well as their challenges will be addressed, and by means of 
several different case studies from all over the world, an overview will be given about what elements 
are important in order to have a successful sustainable energy project in a rural environment. 
1.2. Defining sustainable rural communities 
In order to understand what are the defining elements of a sustainable rural community, it is necessary 
to define a rural area itself.  Broadly, a rural area is a geographic area in the outskirts of urban centers,  
with a population lower than 3000 inhabitants [2].  Economic activities undertaken in these areas are 
most of the times related to working the land: farming and breeding livestock [3].  It is also important to 
mention that there is a significant difference between rural areas in developed and developing 
countries: there is a highly extended energy poverty in rural areas in developing countries.  The focus of 
this document is on such areas. 
There are three concepts very important to rural sustainable communities: capability, equity and 
naturally, sustainability. Capability refers to the opportunity to find a sustainable way of living. Equity 
refers to distribution of the assets in order to enhance the quality of life of those who are in vulnerable 
positions, the deprived. Sustainability is looked from both the social and the environmental point of 
view. Environmental sustainability deals with concerns about environmental issues such as pollution, 
global warming, deforestation and so on and so forth; Social sustainability is concerned whether the 
communities are able to withstand pressures from outside. [4] 
Putting these terms all together, successful rural sustainable communities must have the means to make 
a living, i.e., have necessary stock and cash flows to cover all the basic needs of all the inhabitants. 
Resource productivity is maintained or enhanced in the long term, and possess the ability to handle 
external shocks and stresses [4]   
1.3. The impact of RETs on sustainable rural development 
Accessing modern energy services can enhance the quality of life in rural communities quite 
significantly. That is a struggle for over 2 billion people around the world, who must resort instead to 
traditional biomass fuels, such as wood, crop residues and even animal dung. [5] These are very low 
efficient energy sources, and their use can be hazardous for human health.  
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Governments around the world certainly recognize this issue, but there are situations when the 
expansion of the power grid –due to geographical or other issues- is simply not possible. This is the 
reason why it has started to being explored the use of renewable energy technologies (RETs) to 
overcome this situation. 
RETs, as presented here, refer to all technologies that use sources of energy that do not include 
traditional forms, e.g., fossil fuels (coal, oil, natural gas) or large-scale hydropower. Solar PV, wind 
turbines, small-scale hydropower plants and biofuels  are examples of RETs. 
These technologies can become extremely beneficial and impact positively in the lives of rural 
inhabitants. Among the advantages they can offer, it is possible to count [5][6]: 
 Reduction of acute respiratory infection and conjunctivitis, which are caused by the indoor 
pollution derived from unsustainable use of traditional biomass fuels. 
 Women and children, traditionally in charge of wood collection and carrying water can be 
liberated from these tasks and dedicate this time for more educative or productive or enjoyable 
activities. 
 Access to electricity can improve dramatically the quality of life. For example, the use of water 
pumps to have clean water inside the households; refrigeration of vaccines in rural clinics; 
enabling access to the media for educational and ludic purposes; better and extended lighting 
conditions. All of these provide for a better and more secure living. 
 Reduction of greenhouse emissions, which in turn helps to mitigate climate change.   
 Given their decentralized nature, RETs offer employment generation possibilities at the local 
level.  
 Macro-economic stability could be improved, as there is less energy dependence from 
imported fuels. 
1.4. Challenges for the implementation of RETs and the role of policy 
and stakeholders in this process 
Despite the fact that RETs provide a sound alternative for the problem of offering modern energy 
services to rural areas, their use is not very well spread. In order for these technologies to become a 
primary force behind the development of sustainable rural areas, several challenges must be overcome. 
[5] 
 Affordability is usually a decisive setback, even when the technologies are available. They 
usually have to compete against traditional energy supplies, and or practices that do not involve 
any costs whatsoever.  
 The difficulty to have the right accompanying incentives, policy alignment, political and 
institutional support, as well as the development of local technological capabilities. 
 The limited influence rural population has on energy-policy creation. As these areas are usually 
less populated, and economically less dynamic, the policy makers tend to aim their efforts to 
what is more convenient to cities and rural settlements. 
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 The perception of being less competitive when compared with grid-based systems. For instance, 
one way to nurture off-grid systems that employ RETs would be through emission reduction 
schemes, such as the Clean Development Mechanism (CDM). However, more often than not, 
these systems are too small, and the installation costs are higher that the gains from reduction 
of greenhouse emissions. 
 The clear difference of objectives between the energy sector and rural development sector; 
implementation of RETs has always been –up to this point- heavily reliant on supporting 
schemes, and market-driven. RETs do represent an alternative to solve the issues associated to 
an ever-expanding grid, but so far, this quality has not been adequately represented in the 
market demand. 
 The ability to ensure that there exists in every rural community where RETs are implemented 
sufficient personnel trained in operation and maintenance of the different technologies. 
 The adaptability of existing political, economic and technical aspects to the inclusion of RETs. 
Also, whether the population itself is ready to change from their traditional ways of living to 
new ones.   
As mentioned before, RETs can prosper significantly better when policies are enforced to foster them. 
On a national level, policies can do a great deal for RETs and for them to succeed: Implementing 
subsidies for development and installation; conducting research projects; raising public awareness by 
social campaigns; developing pilot programs; offering waivers for the import of necessary technology: 
All of this can be better achieved from the national government. And truth to be told, when national 
regulation is present, customers can be guaranteed proper technical and even financial support. On the 
international level, funding from international organizations is highly relevant for the success of the 
implementation of RETs. It is of utmost importance, though, that this funding is in alignment with 
national policies, so the objectives are achieved in a timely, unproblematic fashion. [5] 
As important as the role of policy enforcing, are the actors involved across the sector. The local 
communities and the private sectors are equally decisive in the success-or failure- of implementation of 
RETs and their use to develop rural areas in a sustainable manner. When the local community is involved 
beforehand in the project , in the design process, chances of higher local support are greater. Involving 
the beneficiaries of the programs in other aspects, such as the acquiring of materials, benefits job 
creation within the community. The private sector, on a different scale, can also support RET expansion 
in rural areas. By means of developing standards and accreditation schemes, the companies of the 
private sector involved can help raising quality of the products and promoting competition, which will be 
reflected in overall lower costs and more benefits for the customers; and quite possibly the 
strengthening of the RETs market. [5]  
1.5. Case studies 
The following are projects where renewable energy technologies have been used to improve energy 
access in rural communities, whether for domestic use or for electricity generation.  
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1.5.1. Nepal 
Nepal is a country located on the southern side of the Central Himalayas (figure 1). Currently, they have 
a population of 30.49 million, of which almost 83 per cent lives in rural areas [7][8]. With a GDP of 18.88 
billion USD, Nepal is classified by the World Bank as a low income state. [7] 
 
Fig. 1. Location of Nepal (Source: Internet [9]) 
 
Accessing modern sources of energy is quite difficult for the Nepalese people living in the countryside, 
leaving them with no choice but to use traditional, low-quality biomass to cover their energy needs. 
These traditional sources (cattle excrement, wood and agricultural waste) are used for cooking and 
lighting purposes. [5] 
From early nineties onwards, efforts have been made to produce biogas with cattle manure, human 
excreta and vegetable waste using anaerobic bioreactors. Biogas is a more refined energy source, with 
the potential to generate income, improve living standards and lower fuel costs.  Nowadays there are 
around 170,000 household biogas plants installed in Nepal, many of which have been the result of the 
initiative of Biogas Sector Partnership (BSP), non-profit organization funded jointly by private companies 
from Germany and the Netherlands, and the government of Nepal. [5] 
The main objectives of BSP –which started operations in July 1992- include: providing training to both 
biogas companies and plant users; ensuring sound, reliable operation of the plants; and managing the 
subsidies program that guarantees the affordability of the plants. [5] 
The specific design of the biogas plant is based on the Chinese fixed dome plant, with slurry and biogas 
as output. Those same traditional biomass products –manure, crops waste and others- are used as 
input. Figure 2 illustrates the design of a biogas plant. The price of the installation -6 m3- oscillates 
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between 280 and 360 USD, which is quite a considerable amount of money for a Nepalese household. 
However, about one third of the cost is paid in kind by the customer in labor and materials, and the rest 
is financed through loans offered by banks and microfinance organizations. Even though the costs are 
still high for Nepalese people, the overall benefits of the stoves are worth the investment. [5] 
 
Fig. 2. Typical biogas plant designed for Nepal (Source: Mendis and Van Nes, 1999:18) 
 
The joining favorable conditions of a good financing scheme; technical support (from the start of the 
program, over 6000 people have been trained to build the biogas plants, and 120000 costumers have 
been trained to operate them, in addition to the three-year  guarantee when free maintenance is 
provided); and excellent installations have made this initiative an impressive success: from all the plants 
installed under the supervision of BSP, 97 per cent are still operating. [5] 
Another key point for the success of BSP has to do with the willingness of the Nepalese to make the 
change, aware of the fact that they would have the opportunity to meet their energy demand while 
reducing costs related to health, environment, and energy itself.  In addition, biomass input was readily 
available, making the biogas technologies more suitable than other renewable energy technologies. 
What’s more, as standards for building materials were developed, competition among biogas plants 
construction companies was fostered, diminishing overall plant costs. [5] 
The benefits derived from the BSP program are many, and varied in their nature. For starters, 
deforestation was largely reduced as,  per each biogas plant, about three tons of firewood are not used 
in a year. Also, import of chemical fertilizers has shrunk, given that each plant produces almost 2 tons of 
organic fertilizer; this amounts for a saving of about 30000 USD nation-wide. It is also of importance to 
note that greenhouse emissions are curtailed as well; BSP acknowledges an overall reduction of 66000 
tons per year for all the plants installed so far.[5] 
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Not only the environment was greatly benefitted with the massive implementation of the biogas plants. 
As a result of lower smoke exposure and indoor particle concentration, health issues such as acute 
respiratory infections and eye conditions were improved.  Additionally, the connection of the sanitary 
facilities to biogas plant has allowed better management of wastewater, thus improving hygiene in 
households. Overall, quality of life has improved for the owners of the biogas plants. Besides the 
benefits already mentioned,  study hours in over 20000 households have increased, due to improved 
access to lighting at night. BSP has also fostered job creation: putting together all the new actors 
involved in the biogas sector since the start of the program (construction companies, biogas appliance 
manufacturers, finance institutions), 11000 direct and 65000 indirect jobs have been created. [5] 
1.5.2. China 
China, the most populous country in the world (1.344 billion inhabitants) [10] has a rural population of 
about 49 % [8]. The GDP of China is of USD 7.318 trillion, classifying them as an upper middle income 
country. [10] Despite of an extensive rural electrification program, that made possible the coverage of 
98.4 per cent of the total of rural areas, given the nation’s very large population, about 20 million people 
cannot access electricity. For those who are unable to do so, the fulfillment of energy needs for lighting 
is done by using kerosene, butter lamps and candles [5] 
 
Fig. 3. Location of China (Source: Internet [11]) 
Expanding further the grid in China is a limited option. The geographical layout of the regions where 
rural areas are concentrated -i.e., western and central China- presents many difficulties for building the 
necessary grid infrastructure. Nevertheless, these regions have privileged access to renewable sources: 
solar energy in Qinghai and Xinjiang; hydropower in Sichuan and Qinghai and wind energy in Inner 
Mongolia and Xinjiang. [5] 
To face this issue, the Chinese government has sponsored several different projects aiming at making 
the most of these renewable resources. One of these initiatives, the Renewable Energy Development 
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Project (REDP) subsidized the installation of 402000 solar home systems. The project went on from 2003 
to 2008 and it was co-supported by the World Bank and the Global Environmental Facility. REDP made 
possible a fast growth of the PV sector in China, lowering manufacturing costs and improving production 
quality. This last point accounted for 40 percent of the total resource investment; Training and support 
were also of great importance for REPD. [5] 
The goals of the project included improving product quality, warranties and after-sales service; 
increasing both business capabilities and marketing efforts.  Not only solar home systems (SHS) were 
promoted, but wind systems for off-grid, remote areas as well. On the account of wind power, 20 MW in 
total were installed in the regions of Chomingdao and Nanhui. The objective was to make wind 
technology more visible, so wind farms were able to further increase their capacity in the area. [5] 
The solar home systems consists of a PV panel, batteries, a charge controller and an inverter (for AC 
loads).  When sunlight hits the PV panel, a DC current is generated, which is stored in the batteries. This 
stored energy can be used to feed small appliances. In the case of AC appliances, an inverter is used. 
Output power of the system ranged from 10 Wp (Watt-peak) to 500 Wp. The larger systems were able 
to provide electricity for DC lights and appliances such as TV sets and DVD players. An schematic of a 
SHS can be seen in figure 4. REDP also supported some hybrid system (PV solar and wind), used for 
public facilities such as schools and health centers. [5] 
 
Fig. 4. Schematic of a Solar Home System (SHS) (Source: Internet [12]) 
 
The funds of the project were managed through the National Development and Reform Commission 
(NDRC). About 80 suppliers and some 30 wholesale companies were appointed  to take over the tasks of 
marketing, selling and providing technical assistance. All these activities were subsidized. Private 
companies, State-owned companies, or companies owned by research institutes were all involved in the 
project. All of them had to meet the strictest quality standards regarding product quality, management 
and service. Depending on their goals, companies part of REDP were classified in three different groups: 
Provincial market-driven companies, aiming to meet the local demand, who used the grants to  improve 
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products for the rural areas; Companies aiming to the national market, who used the grants to improve 
their products so they were eligible for national donor-supported programs, and for urban demand; and 
export-oriented companies, who used the grant to make their products meet American,  European and 
Japanese standards. Companies were paid USD 1.50 per Wp for each SHS sold. And these subsidies 
increased as quality standards became higher. [5] 
Unlike the Nepalese, the Chinese paid the full retail price in a single installment. No credit system was 
arranged as part of the project. The price of a typical system, 20 Wp,  was between USD 105 and USD 
120. These retail prices -quite low for international standards- are a result of mostly the low price of PV 
modules themselves, that accounts for about half the price of the entire system. Once the subsidy was 
reduced in 2007, SHS yearly installations reduced. Nonetheless, retailers reported that about half of 
their current sales were not related to the subsidy program, which indicates that this market will 
continue to prosper even when the subsidies stop altogether. And REDP research predicts a 10 to 20% 
per year market increase. [5] 
 
About 1.6 million customers have been benefitted from the RDEP program. They now have better 
lighting for activities such as study, work and recreation during the night. In addition, fire hazards 
related to using fuel-burning lamps have been  reduced, -along with the decrease of greenhouse 
emissions- and money savings have increased from not having to buy these fuels anymore. Other 
general benefits include the number of jobs created: since the start of REDP, 1500 permanent and some 
3000 temporary jobs. [5] 
1.5.3. Argentina 
The South American country of Argentina has a population of 40.76 million [13], of which 8 per cent 
lives in rural areas [8]. With a total GDP of  USD 446 million, Argentina is classified according to the 
World Bank as an upper middle income country [13]. Despite this condition, by 2005 a significant 
percentage of the rural population -30%- had no proper access to electricity service. One of the main 
causes of this was the fact that increasing energy access falls upon the responsibility of the provincial 
governments, who did not have sufficient financial resources to carry out the task. [5] 
The Government has been making efforts to change this situation since the decade of the nineties. In 
1995 they wanted to lure private investors into the ‘dispersed’ markets (the classification  the 
Government gave to off-grid customers), and so they launched PAEPRA, the Program to Supply 
Electricity to the Rural Population of Argentina. This initiative would benefit 1.6 million people and 
about 6000 public facilities located in rural areas with the help of energy concessions to private 
participants. PAEPRA was funded with the assistance of the World Bank and the Global Environmental 
Fund (GEF). For these means, the two institutions joined forces and created the Renewable Energy for 
Rural Energy Markets Project, PERMER. In 1999, PAEPRA received a USD 30 million loan from IBRD (the 
International Bank for Reconstruction and Development), as well as a USD 10 million grant from GEF. 
The money was intended for subsidies to install hybrid RET systems, done by private concessionaries. [5] 
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Fig. 5. Location of Argentina (Source: Internet [14]) 
 
The objective of PERMER was to increase electricity access in rural areas in an affordable and 
appropriate fashion. In addition, it also sought to establish a proper regulatory framework for the 
dispersed market. It is worth mentioning that this was the first time that private concessions for off-grid 
services in rural areas were enforced. In figures, the objective was to install SHS’s in about 65000 
households, in addition to small generation units like Solar PV, small-scale wind turbines, mini-hydro 
plants and diesel units. These units would provide energy for about 3500 households; also 1100 
renewable energy systems were provided for rural public facilities, such as schools,  health centers and 
police stations. A training program on technical support was also implemented. [5] 
The private concessionaries were contracted for a 15-year period. They were responsible not only for 
providing and installing the systems in the households –in exchange for monthly payments- , but for the 
maintenance and quality of the service the systems offered the beneficiaries. Each company had the 
liberty to choose which technology to install. The concessionaries had to report to the local utility 
agencies to proof quality standards were being met. At the beginning of PERMER, 8 of 22 provinces were 
eligible. [5] 
PERMER was not carried out without some important struggles. At the start, the implementation 
performance of the project was deemed ‘satisfactory’, according to the World Bank evaluation.  
However, given the economic crisis the country suffered in 2002, the qualification of the project was 
lowered to ‘unsatisfactory’. As a result of the aforementioned crisis, austerity measures were enforced 
and federal and provincial budgets were reduced. This prevented implementation of the project. To 
overcome this situation, public utilities got involved in the concessions. By the end of 2006, the 
qualification of the project moved up to ‘moderately satisfactory’, and 12 months later it became 
‘satisfactory’ again. [5] 
The communities involved in the project received important benefits. Better and longer lighting periods 
are reflected in longer recreational and productive periods within the households. Comfort and safety 
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levels, as well as domestic savings have all been improved. Environmentally, it was estimated that CO2 
abatement was in a range of 0.8 to 1 million CO2 tons. [5] 
1.5.4. Lao People’s Democratic Republic 
Lao PDR is located in the south-east region in Asia. With a population of around only 6.228 million [15], 
66 per cent of it is located in rural areas [8]. With a GDP of USD 8.298 million, the country is classified as 
a lower-middle income nation [15].  
The country has undergone an impressive widening of their electricity grid, from 19 per cent coverage in 
1996 to 60 per cent in 2008. Nonetheless, the difficult geography of the land makes it quite an unlikely, 
too expensive task to further expand the grid. [5] 
 
 
Fig. 6. Lao’s People Democratic Republic location (Source: Internet [16]) 
Facing this situation, decentralized electricity supply involving renewable energy technologies should 
make an attractive alternative to overcome the issue. Despite of the country’s large hydropower both 
potential and current use (in large-scale hydro power plants), pyco hydropower plants have not been 
taking into consideration in policies or research. The reasons for this can go from the Government’s 
preference for SHS’s to their desire to maintain a centralized energy provision system. Nonetheless the 
lack of State support, estimates indicate that there are some 60000  pyco power plants throughout the 
country. [5] 
Of the pyco power plants already installed throughout the country, the most commonly used is the low-
head type (schematic in figure 7). These technologies rely on ‘reaction’, and generate torque thanks to 
the weight and low pressure of the water. [17] To generate electricity, an alternator –brushless 
permanent magnet or others- is connected to a propeller turbine via a shaft. The water falls into the 
propeller, making in it move, which in turn makes the shaft turn (see figure 7 for an schematic 
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representation). [18] Only a low head (water drop) and flow rate are needed, about 1.5 m and 35 liters/s 
respectively. These machines are able to generate a couple hundreds to 1 kW of power. [5] 
The great majority of these hydropower units-including spare parts- are not produced locally, but are 
imported from China and other neighboring countries. These are low-cost, low-quality units. There is no 
regulation from the government, or  standards whatsoever. Maintenance poses itself as a problem for 
the customers, as technical information about the units is often not available; when it is available, most 
of the time is in a foreign language. The majority of customers carry out daily maintenance of their units, 
as it is necessary to remove branches and leaves constantly from the propeller; the electrical wiring 
needs constant checking. [5] 
 
 
Fig. 7. Schematic of a low-head, pyco-scale hydropower plant (Source: Internet [19]) 
 
Although there is no support from the Government for the development of this technology, the 
assistance that interested customers receive from domestic banks is remarkable. Nonetheless, lack of 
regulation and technical support make the units likely hazards for their operators, a banner that the 
Government has waved not to support pyco hydropower development. What is more, not only people is 
affected by this neglect from the Government, but as they are forced to conduct maintenance 
themselves -without the proper knowledge to do so-, the equipment is also regularly broken or partially 
damaged. [5]  
As seen in the case studies presented before, pyco hydropower units provide lighting during night hours, 
their main benefit. Study and productive hours are extended, allowing activities such as weaving to be 
performed for longer periods of time. [5] 
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1.5.5. Namibia 
Namibia, located in Sub-Saharan Africa, has a population of 2.3 million inhabitants [20]. Currently, 62 
per cent of their population is located in rural areas [8]. With a GDP of USD 12.30 billion, the World Bank 
ranks them as a nation with upper middle income. [20] 
The expansion of the mobile telecommunications network in rural areas is somewhat being halted in 
specific regions where the geography makes access difficult for base stations. This challenge could be 
overcome by implementation of RET systems. For instance, the increasing economic competitiveness of 
Solar PV and wind turbine technology (given their falling costs) makes them attractive alternatives to 
power the base stations. [5] 
 
 
Fig. 8. Location of Namibia (Source: Internet [21]) 
 
On this regard, Motorola teamed up with Groupe Speciale Mobile Association (GSMA) and Mobile 
Telecommunication Limited (MTC) to run a four-month trial project, where a telecoms base station was 
built in a small rural village by the name of Dordabis, 100 km east of the capital, Winhoek. The hybrid 
system implemented in Dordabis consisted of a 5kW PV array, and a 6kW wind turbine, mounted on top 
of a 15 m mast. The set-up of and ‘tuning-up’ of the system took four to five days. The PV system was 
used to charge two batteries that would be used to power the station at night; the turbine would be 
used for further charging. [5] 
The outcome of this trial was very positive, indicating a strong likelihood to be reproduced in other rural 
areas. Nevertheless, being only a trial, aspects such as training the technical capabilities of the locals 
were not discussed; any mention to support local training programs were not made by Motorola. This 
‘example project’ can be seen as an interest in RETs derived from the behavior of the market (market-
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driven). It is yet to be seen whether without clear subsidy programs or dedicated policies if this initiative 
will carry out into the future. [5] 
The benefits for locals living in poor rural areas having access to mobile telecommunications are varied: 
Transference of  money using mobile phones and the possibility to stay in touch with family are two of 
them. For telecom companies, the opportunity to further expand the telecommunication network. [5] 
 
1.5.6. India 
India, one of the world’s upcoming powers has currently a population of 1.241 billion people, 69 per 
cent of which is located in rural areas across the country. Their GDP is USD 1.848 trillion. [8][22] 
 
Fig. 9. Location of India (Source: Internet[23]) 
 
The energy access situation in rural India is a rather grim one: Poor quality fuel, inefficient use of 
resources, unreliable supply and limited access joined together to keep about 500 million Indians from 
being able to access modern energy services. This has very adverse effects in their economic 
productivity and lifestyle, and overall negative consequences on the environment [24] 
 
To help overcome this situation, a project was developed to create a decentralized power generation 
system using modern energies and available biomass. In addition, the project would support local 
farmers with biomass production which in turn would be used for energy production purposes. The 
project, Renewable Energy Supply for Rural Areas (RESRA) was commissioned by the German Federal 
Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU), with the Indian Ministry 
of New and Renewable Energy as executing agency. Implementation partners also included the 
companies National Thermal Power Corporation Limited (NTPC Limited) and Kirloskar Oil Engines 
Limited. The initial term of the project was set up from 2008 to 2011. [24][25] 
 
The systems were to generate both electricity and bio-gas, and do so taking into consideration local 
necessity (irrigation, community establishments, for instance) and energy resource availability (biomass, 
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non-edible oilseeds, solar).  The ownership, operation and management would fall upon Village Energy 
Committees (VEC’s). A work of social mobilization of the communities would be performed by 
accompanying NGO’s.  The projects were located in two different districts:  Korba district of the state of 
Chhattisgarh and Kolwan Valley located in the Ghat region of the Pune district of the state of 
Maharasthra. [24][25] 
 
In total, 30 villages were involved in the project. 24 out of the 30 were located in the Korba district, 1814 
households in total. For these villages, the base biomass used were tree-borne oilseeds. Electricity was 
generated from oils pressed from the seeds, using specially designed small generation units (10 to 20 
kW). The de-oiled caked left from the extraction was used as feedstock for biogas plants. The biogas 
would also be used for electricity generation. The slurry from the biogas plant would be used as manure, 
the excess sold in the local market. [25] 
 
In the case of the Kolwan district, agricultural waste was used to, first produce biogas - Biogas plants 
with  a capacity ranging from 20 to 25 kW-, which in turn would be used to generate electricity for 924 
households. The biogas surplus would be sold to villagers. In both location, solar energy would be used 
when appropriate. [25] 
 
The project has given some encouraging results. Eight VEC’s have already been established and 
registered, being fully functional by 2010. The construction work was completed, and individuals from 
within the villages were selected and trained to run the systems. Furthermore, it was shown that the 
installed infrastructure would not cause bio-resources to compete with the production or other 
agricultural products. [24] 
1.6. Conclusion of the chapter 
Sustainable rural communities are geographic areas outside the urban centers, with small population 
(less than 3000 inhabitants); these communities have sufficient stock and cash flow to cover the basic 
needs. RETs can play a major role in improving the quality of life of rural communities, as they broaden 
the access to electricity, and therefore improve the living standard. 
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Chapter 2. Barriers for RETs 
2.1. Overview of the chapter 
In the present chapter,  an overview about the relevant knowledge for RETs about barriers will be 
presented. A definition of barriers will be given, and the most relevant to RETs will be presented.  
Measures to overcome them will be discussed, and finally, a case study where barriers were analyzed 
for SWH in the Maharasthra state in India will be used to exemplify how a study of barriers can be 
conducted. 
2.2. Defining barriers for RETs 
Barriers can be defined as anything that significantly hinders the adoption of a new technology, RETs in 
this case. They are not to be confused with the so-called market failures. If barriers cannot be overcome, 
implementing the new technologies becomes a very difficult task, with market penetration happening at 
very low percentages. [26]  
Barriers can be identified at several different levels, as shown in figure 10. Analyzing barriers is a task 
that goes from the general to the specific. In the first, top level, what is being studied is a whole 
category of barriers. In the second level, several barriers within this category are checked. At the third 
level, the object of study are the elements of the barriers. The bottom level focuses on the dimensions 
(depth and/or direction) of the elements of the barriers. Sectioning a barrier into its different elements 
makes easier the identification of the causes of such barriers.  It is possible to state that a barrier is 
relevant for certain technology when at least one of its components can be found at the lower levels 
[27] 
 
Fig. 10. Barrier levels 
P a g e  | 23 
 
 
Barriers can be of technological, regulatory, and social nature, to name a few. Barriers are not the same 
for every technology, and they also depend on the country or region where the technology wants to be 
implemented. [27]  Tsoutos (2004) makes a general classification of the barriers that a shift of 
technological regime can face (from the current regime to the renewable energy regime) 
 Technology factors: For some RETs, technology factors as a barrier are being overthrown, if they 
have not been dismissed already. However, for some of them it is still possible to mention 
technological immaturity and the need for further optimization when implemented on large 
scale. Complexity of installation is also an issue for RETs, as they are usually part of a bigger 
system. [28] 
 Government policy and regulatory framework:   In general, there are no sufficient regulations 
and/or incentives for businesses and industries to encourage the implementation of RETs. 
National policies at the end-use level regarding this matter are lacking.[29] This is related to the 
fact that governments tend to avoid major changes when there are certain political interests to 
be kept. [28]In this category it is also possible to include institutional barriers, such as the 
difficulty to apply modern management skills in energy-development agencies. [29] 
 Cultural and psychological factors: The adoption of a particular RET is most of the time 
influenced by the perception the consumer has of the quality and usefulness of the technology. 
[29]Many consumers fear that their comfort will be hindered if RETs are implemented, as they 
have not yet been established as a reliable alternative to the traditional energy sources. 
Perceived safety of supply is also an issue, as some of the renewable technologies are of variable 
nature (like wind and solar power). [28] 
 Demand factors: These are the barriers that have to do with the behavior of the customers. For 
instance, consumers do not have clear expectations about the use and worth of RETs; as a 
result, only a limited share of end users is willing to pay for these technologies, as the benefits 
derived from their installation are not quite evident. [28] 
 Production factors: These  factors are related to the existing facilities for energy generation. If 
new technologies are introduced, the value of the previous one would plummet, as they would 
become obsolete. This also addresses the specialized knowledge of engineers and workers. [28] 
 Infrastructure and maintenance: New technologies demand a change in the infrastructure of 
the system. For instance, the current distribution infrastructure is not compatible with the 
topology of RETs. In addition, new agents such as maintenance suppliers specialized in the RETs 
would to start being part of the system. [28] 
 Undesirable societal and environmental effects: In this category belong aesthetical and 
environmental concerns regarding large-scale installation of RETs –e.g., wind power, geothermal 
facilities-. [28] 
 Economic factors: Initial costs for RETs are still uncompetitive. End users in general prefer to 
have low initial costs, although is the operation costs that run for the longer period of time. This 
is especially true for isolated and rural communities with few opportunities to get financing. 
[28,29]. What is more, the slow pace in advancement of RETs reduces the impact of economies 
of scale and accelerated learning on the unit cost. [28] 
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Painuly also mentions market distortions as barriers for RETs. In this category are included the favorable 
treatment traditional energy receives (subsidies, lower taxes that RETs), high taxes on RETs (for instance, 
for the import of equipment), non-consideration of externalities (pollution and its damage done by 
traditional energy) and trade barriers (tariff and non-tariff barriers on the import and/or export of RETs). 
[27]  
Other barriers identified, and that have the potential to be relevant for the project will be explained 
shortly. 
 Communication: Occasionally, a project that is well structured and planned can fail, when the 
transmission of words and meanings is not done in a proper manner. As the interaction between 
stakeholders is higher, commitment with the project surely will increase. This can be achieved 
with good communication; the message to be presented should be short, clear and easy to 
understand. [30] 
 Heterogeneity and Elite Capture: When a community is very diverse, there is a risk that not all 
points of view are heard, as a small subgroup can make itself heard, while other groups are not 
taken into consideration at all. [31] 
2.3. Identifying barriers 
Overcoming barriers for the implementation of RETs is a task that has to be dealt with on a case-by-case 
basis. For this reason, even before starting the identification of the barriers, the technology has to be 
chosen. In order to select the right RET, Painuly (2001) proposes a framework that is split into two parts: 
selection of the technology and identification of barriers. 
2.3.1. Selection of RETs 
Reviewing the financial, legal and institutional mechanisms that are relevant for the RET that is being 
studied is a first step that can be taken to assess its viability. Energy plans and national studies about 
current renewable energy projects can shed a light on the RETs that show potential; these would be the 
technologies that are interesting for a subsequent study of barriers. Therefore, identifying them is the 
main concern at this point of the process. [27] 
The potential of a technology can be technological, techno-economic or economic. The technological 
potential refers to the universal use of a technology that has been deemed technologically feasible, and 
limitations such as cost and availability are not an issue. The techno-economic potential refers to the 
universal use, in a competitive market, of a technology that is both technically and economically viable. 
Consumer preferences, financial barriers and other types of constraints do not affect the usage of the 
technology. Last but not least, the economic potential addresses the use of a technology –both 
technically and economically viable- in circumstances where there are no market failures and/or 
distortions. It is possible to equate current usage level of a certain technology with its market potential. 
Therefore, the technological potential corresponds to –theoretically- the highest possible usage level, 
followed by the techno-economic potential and then by economic potential. [27] 
Besides adequate potential, there are several other aspects that have to be considered when a RET is 
being chosen for the study of barriers. For instance, if the base resource for the RET is available in the 
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place of installation. It is also necessary to check which technologies can be used, and what are their 
costs. This is linked to their commercial viability, which also involves assessing what financing options 
are at hand for prospective customers. In addition, it is of great importance to learn about the 
environmental and socio-economic impact, and the benefits the new technology provides for. [27] 
2.3.2. Identification of relevant barriers 
It is possible to figure out which barriers are relevant for the project at hand following the approaches 
shown below. All these approaches are intertwined, reason why the best results can be obtained when 
combining all three.  
 Literature survey: A literature survey on similar projects and their outcomes, and what barriers 
were encountered during the execution of the project. Reviewing case studies at local, regional 
and national level is a great way to identify relevant barriers. [27] 
 Site visits: Visiting the location of the project can give helpful insight on what are the main 
barriers faced. [27] 
 Interaction with stakeholders: Taking into the account how the stakeholders perceive the 
barriers within the project gives the researcher a deeper level of understanding on what the 
stakeholders sense are the biggest challenges. Gaining this knowledge can be done by means of 
surveys and questionnaires, and it can be most useful to draw measures for overcoming 
barriers. In this point, it is important to mention that the questionnaires are tested first, so no 
misinterpretation occurs.  [27] 
2.4. Overcoming barriers 
As mentioned in the previous section, the highest possible potential to be achieved is the technological 
potential. In some cases, this potential cannot be truly reached. However, by means of research and 
development, the distance between  techno-economic and technological potential can be reduced. A 
more realistic goal is to achieve techno-economic potential. [27] 
Imperfections and distortions in the market, along with discouraging financial, regulatory and 
institutional conditions,  makes governmental intervention most desirable. Governments are called to 
be major actors in a technological regime shift, and they hold the largest number of tools that can be 
used to remove barriers. Some of these measures are presented below. 
 Energy sector liberalization: This term includes implementing policies that aim at restructuring 
the energy sector; introducing more competition –when possible- and removing ulterior 
controls. Separating generation and distribution activities within the energy sector; weakening 
controls on energy pricing, fuel use and import, capacity expansion and others; setting up 
regulatory entities with independence from the central control are all specific examples of such 
policies. The ultimate goal of liberalizing the market is to increase the efficiency of the energy 
sector by means of increasing competition. [27]  
 Guaranteed markets: Requiring utilities by law to include a share of renewable energy in their 
portfolio  can help upcoming technologies compete, despite barriers that still exist. United 
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Kingdom and Germany, for instance, are countries that have implemented this type of laws. For 
example, the British Non-Fossil Fuel Obligation (NFFO) law  gives settled prices for renewable 
energy projects chosen through competition; and the German Electricity Feed Law (EFL) 
commanded grid operators to buy all the electricity being produced by renewable technologies 
at premium prices. [27] 
 Economic and financial incentives: Governmental subsidies have been offered in different 
countries for installation of RETs. However, it is of paramount importance that these capital 
subsidies have a clearly established phase-out time frame, in order to ensure efficiency 
improvements in RETs (This was the case with the capital subsidies given en Denmark for wind 
energy, where the phase-out period was 10 years). Apart from capital subsidies, tax exemptions, 
credit facilities and third party financing schemes are measures being implemented in some 
countries belonging to IEA. In some developing nations, like Indonesia, Sri-Lanka, Laos, India, 
China, Zimbabwe and others, incentive-based programs are being implemented. [27] 
 Governmental investments: Another form in which the government can help overcoming 
barriers is by making direct investments for the development of RETs. This is often done by 
creating specialized agencies which focus on this issue [27]  
 Information and awareness campaigns: Informative programs created for the promotion of 
renewable energy can help stakeholders acquire the necessary knowledge for them to correctly 
assess the advantages of the implementation of RETs. These promotion campaigns can address 
renewable energy in general, or focus on a specific technology. [27] 
 Institutional measures: These measures include creating specialized agencies to promote RETs; 
creating regulatory agencies to look into the liberalization of the energy sector; and endorsing 
ESCOs (energy service companies) which can aid in overcoming barriers such as the want of up-
front financing, credit facilities and technical knowledge. [27] 
 Research & Development: R&D programs are useful to lower the high cost of renewable energy 
technologies. [27] 
 Facilitating measures: Initiatives such as financing feasibility studies, setting goals for renewable 
energy contribution, assessing availability of RETs –both at national and regional levels-, 
technology demonstrations and other similar can be implemented by the government. [27] 
 Moral and ethical considerations: In these category green pricing schemes and voluntary 
actions are included. Green pricing schemes allow consumers to pay a higher rate for renewable 
electricity, and so they bear the increased cost of the inclusion of renewable sources willingly. 
Regarding voluntary actions, utilities can commit by their own will to include renewable 
energies in their portfolio. [27] 
2.5. Example for barrier identification: Solar water heaters in the State 
of Maharashtra (India) 
2.5.1. Overview 
The state of Maharashtra has the highest electricity generation capacity installed in all of India, and also 
the highest energy consumption per inhabitant. In the past, the state government -through the 
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Maharashtra Energy Development Agency (MEDA)- had promoted increasing the share of RETs in the 
power generation sector of the region. Unfortunately, these initiatives have not been very successful. In 
the case of solar water heaters (SHW), although these are proven, economically viable technologies, 
they are still not commonly used. Considering the situation, solar water heaters were chosen for a study 
of barriers.   [29] 
2.5.2. Methodology 
 A multi-phase, stakeholder-based approach was used for the two year-long study, which was conducted 
in the areas of Bombay and Pune in the Maharashtra state. The stakeholders involved were households 
(80 households in the residential sector), industrial firms (10 in total), commercial establishments (30 in 
total) and policy makers (20 experts were approached, 15 of them actually participated). Moreover, 
manufacturers of SWH were contacted to provide information about costs and advantages of the 
technology. The participation of the stakeholders in the process was right from the beginning, for 
questionnaire development, data collection and naturally, for the work groups organized for discussion. 
[29] 
For starters, relevant information about the technology was gathered (technical information, 
governmental policies addressing it, data about the penetration of RETs, etc.). This information was 
used, along the input of the stakeholders, to define the questionnaire of the survey.  The participants 
were asked to give their opinion about the most relevant barriers to SWH, from a list of factors 
previously selected. Then the survey went deeper to determine what specific aspect of the selected 
factor was deemed the biggest obstacle to RETs. The participants were also requested to answer how 
each barrier in particular would prevent the implementation of RETs. Rankings were organized –from 1 
(least important) to 5 (most important)-, and barriers were grouped in six broad categories:  awareness 
and information; financial and economic; technical; market; institutional and regulatory; and behavioral. 
[29] 
2.5.3. Survey results 
2.5.3.1. Residential Sector 
Among households, the biggest barrier for SWH was the financial cost. Participants deemed cost as a 
considerable risk for investing in the technology. 20% of the respondents mentioned insufficient market 
development as a strong limitation for the penetration of SWH. And only about the same percentage of 
households (17%) were willing to purchase the technology at the –then- current price. 65% of SWH 
owners wanted a payback period of five years or less. Around 57% of the participants had a loan to 
afford SWH, with a majority expressing a desire for interest rates lower than 12%. The least important 
barrier for this group of stakeholders was the technical one, which shows SWH technology is generally 
accepted as mature. [29]  Figure 11 shows a summary of the ranking of barriers in the residential sector.  
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Fig. 11. Ranking of the importance of barriers-Residential sector [29] 
2.5.3.2. Industrial firms 
In the industrial sector, technical barriers were chosen as the most relevant (44%). Dissatisfaction comes 
from the high maintenance costs. What is more, the industrial respondents also reported their energy 
savings were below 10%. Likewise, they had second thoughts whether the lifetime of a SWH was longer 
than that of a regular electric water heater. Additional technical barriers were mentioned, such as the 
lack of necessary knowledge for SWH operation or limited number of sizes available. About economic 
and financial barriers, the firms favored an interest rate below 12%, while expecting 25% and above rate 
of return in their investment. Also, they expected a payback period of 3 years or lower. On the 
institutional category, the industrial stakeholders mentioned the necessity for a better organization of 
SWH promotion. Barriers within the awareness category were not relevant for the firms. [29] Figure 12 
shows a summary of the ranking of barriers in the industrial sector. 
 
Fig. 12. Ranking of the importance of barriers-Industrial sector [29] 
2.5.3.3. Commercial firms 
Among commercial establishment owners, market imperfection came out as the most important barrier 
(90%). Even though they were aware of the advantages of SWH, their answers indicated limited access 
to information about the technology. The second most important barriers fell in the financial and 
economic barrier. 59% of the interviewed claimed the price of the technology was too high, and just 
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30% would buy it at the current price. On the subject of SWH economics, more than 30% of owners 
favored a return rate higher than 25%. They accepted a payback period from four to five years, although 
they wanted the interest rate  on borrowed loan to be at most 10%. The next barrier perceived as most 
important were the  technical and behavioral ones;  around 40% of the participants of the survey were 
dissatisfied with the performance of the technology. Figure 13 shows a summary of the rankings of 
every barrier. [29] 
 
Fig. 13. Ranking of the importance of barriers-Commercial sector[29] 
2.5.3.4. Policy makers and experts 
This category grouped energy analysts, equipment manufacturers, public servants, planners and policy 
makers. For this sector, economic and financial barriers were the most important.  Institutional barriers 
came in second, with 35% of the participants of the survey agreeing that the policies of the government 
on the matter of renewable energies were seriously impeding the development of RETs. Information 
and awareness were also mentioned as significant barriers, given that stakeholders did not have 
sufficient information about the advantages of RETs, thus becoming disinterested and uncommitted to 
promoting or implementing the technology. Institutional barriers were also mentioned. Technical 
barriers, although not so significant, pointed out to faulty equipment. Figure  14 shows the full ranking 
of the barriers by this sector. [29] 
2.5.4. Comparative analysis and conclusions 
Comparing the answers given by each group of stakeholders, it is clear that all four agree upon which 
barriers affect the  widespread use of SWH; however, they put different importance to each one of 
them. Figure 15 compares the significance each group of stakeholders gives to each category of barriers. 
[29] 
There were several conclusions to be drawn from this case study. Across all four sectors of stakeholders, 
cost and awareness were issues clearly identified as potential hazards to the development of RETs. 
Before deeper penetration of the new technologies is possible, stakeholders have a significant amount 
of barriers to deal with. A groundbreaking policy framework is needed in order to help renewable 
energy technologies become a techno-economic reality, and replace the current regime. In order for this 
shift to occur, government involvement is fundamental, as it can take the most meaningful actions in all  
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Fig. 14. Ranking of the importance of barriers-Policy makers and experts [29] 
the most important fronts: helping create better financing schemes, taxation, regulation of the market, 
funding pilot projects to exemplify the benefits of RETs, to name a few. [29] 
 
Fig. 15. Comparison of stakeholders’ perspective [29] 
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2.6. Conclusion of the chapter 
There are different categories of barriers that can be relevant to the development of RETs. Given the 
broad variety of RETs, barriers vary on a case-by-case basis. The government is one of the key actors 
that have the most power to make the necessary changes that would benefit greatly the promotion and 
further implementation of RETs. 
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Chapter 3. Background of the community 
in Tentzoncuahuigtic 
3.1. Overview of the chapter 
The historical background of the geographic area where the shelter is located, the Sierra of Puebla, will 
be laid out. The traditions and culture of the indigenous groups that are located there will be described. 
Finally, some statistics about the population in the shelter will be presented. 
3.2. Historical background of the Sierra of Puebla 
The estate of Puebla is located in East-Central Mexico, with the Sierra of Puebla located at the north. 
Currently, 7  out of 62 indigenous ethnicities are located all across its territory. According to the National 
Institute of Statistics and Geography INEGI, the total native population of the state accounted for about 
10.19% of the total, as of the year 2005. [32] 
According to historians, the region has always been inhabited by several different ethnicities. It is 
believed that during the first half of the XIV century, the Sierra was occupied by a different tribe, the 
totonacos. After the fall of Teotihuacan, the first tribes of nahuas entered this region. The presence of 
this group grew as a result of the invasion of the chichimecas in the Valley of Puebla-Tlaxcala. The 
definitive control of the region by the Triple Alliance is believed to have occurred at the end of the XV 
century. This is supported in the fact that, when the Spanish Conquest took place, the region was paying 
tributes to the mexica empire. The Spanish Conquest was rather slow in the region, particularly in the 
first years of the Colonization period, thus allowing the nahuas to keep some vestiges of their earlier 
traditions. During this period, the Sierra was divided into twenty or so small states (altepeme).  At the 
beginning of the XIX century, a notorious immigration wave of foreigners took place, and though most 
probably they faced some indigenous resistance, by the end of the century they held the economic 
power of the region. And when coffee plantations grew, the process of land dispossession was 
completed, and the indigenous community became subordinates to the newcomers. [32] 
Throughout the XX century, the native population saw a deep transformation of their way of living, as a 
result of the construction of roads, the increment of trade, the promotion of governmental programmes 
for the agriculture industry, the introduction of schools and health centres, and the influence of the 
Catholic Church. Although these transformation did certainly improve aspects of their lives, the 
indigenous community deeply resented the dispossession of their lands, and the discrimination they, to 
the present day, suffer. [32] 
3.2.1. Civil and religious organization 
The municipalities in the region are divided in smaller auxiliary communities. Traditionally, the president 
of the community has to be indigenous. The auxiliary boards work as a channel between the indigenous 
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community and the local authorities. The auxiliary president is in charge of applying the federal and 
state policies, taking into account the communitarian organization forms. [32] 
The auxiliary boards have two different organizational levels. On one hand, is the civil level, formed by 
five councillors. One of them is the auxiliary president. The councillors are in charge of the health 
service, education, culture and public works. Besides the president, there is an administrative secretary, 
the treasurer, the civil records secretary, the ‘topiles’ (policemen), the peace judge –that deals with 
small issues- and an agent from the Public Ministry, in charge of more serious offenses. In addition, 
there is a community leader, who invites all the people to participate and coordinate the activities 
within the community. [32] 
On the other hand, there is the religious level. It is formed by the president of custom, the prosecutors 
with their majors and ‘topiles’, the administrators with their delegates, and the dance lieutenants. The 
prosecutors are in charge of taking care of the temple, and of the celebration honouring the Patron 
Saint. The majors are helpers of the prosecutors for some activities related to the maintenance of the 
temple. The ‘topiles’ are young people that act as support for the elders for the activities of the church. 
The administrators are in charge of the images and the celebration of each one of them, and they are 
assisted on these matters by the delegates. [32] 
It is relevant to mention that the figure of president of custom is a rather new one, created to preserve 
the traditions of the community. Prior to this, the civil and religious positions were offered in the 
strictest hierarchical order. [32] 
3.2.2. Economic organization 
The economy of the region is based on small scale agriculture. Family bonds are important for economic 
and work-related activities. Family members help each other out for constructing and maintenance of a 
household, for sowing and reaping corn, and for harvesting coffee. Apart from corn, which is their main 
economic activity and the principal food source, there are other products being cultivated and sold, such 
as oranges, tangerines, lemons, banana, mamey, tobacco, cinnamon, and even vanilla. Grounded coffee, 
and medicinal plants are also sold in the markets. [32] 
In general, the male population is in charge of the crops, and the women do crafts, like knitting or 
embroidering, and are in charge of taken care of the homes. Among young people, working the land is 
not a preferred activity anymore, though they are still active in the community. Many of them only 
reach middle school level, and only a very small percentage continues to higher education. The main 
reason for this is lack of money, thus resulting in a significant part of the younger population moving to 
urban centres searching for work. [32] 
Out of late, the affluence of tourists has grown in certain areas of the Sierra, such as Cuetzalan, as it is 
being promoted as a historical town, where the indigenous traditions are still relevant. 
3.2.3. Organizations and social movements 
The main reason behind the appearance of some of these social movements is related to the weakening 
of the civil and religious structures, which in turn was caused by the expropriation of their lands by 
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outsiders who seized the political control. In the seventies, the Independent Peasant Movement (Central 
Campesina Independiente, in Spanish) was formed. It managed to become an influential movement, 
resulting in the organization of the Small Producers Union of Puebla. This is an important movement, 
based on having an indigenous identity and social change. In particular, the natives decided to unite 
because of the subordination relationship they had with the outsiders, which was very unequal, and 
benefiting mainly the latter group. [32] 
3.3. Educational system for the indigenous communities 
The Indigenous Education Subsystem is part of the Education System of Puebla. The subsystem is 
formed by the Directorate of Indigenous Education (DEI), nine Central Supervision Zones and 104 Local 
Supervision Zones. Principals and teachers are in charge of developing the programs. There are four 
levels: Initial Education, Pre-School Education, Indigenous Elementary School and Superior Education. At 
the elementary level, there are other services provided to the students, like Social Integration Centres 
and the School Shelters. Focusing on the region of the Sierra Norte, there are 2672 schools, out of which 
952 are preschools; 1294 are elementary schools; 332 are middle high schools; 10 are for work training; 
20 are technical middle high school; 54 are high schools and 7 are normal schools. In addition, there are 
3 higher education institutions. In total, over 310000 students are in the education system, accounting 
for 35% of the population of the region. [33] 
There are several services and programs managed by the Education Subsystem. INI (National Indigenist  
Institute) wished to emulate the earlier tradition of schools-community. The assistants were prepared 
not only pedagogically, but also in aspects related to agriculture or healthcare, to name a few. This 
process began in 1952. The second program established was of the bilingual radio-phonic schools, in 
order to teach students their indigenous language, as a previous step before teaching them Spanish.  
The third service offered is of the school shelters, founded in Chihuahua in 1961. The Social Integration 
Centres were created in 1971, and that same year the Brigades for the Development of Indigenous 
Improvement were established. In 1973, the National Hispanicization Plan started, to tend the 
monolingual population in the native regions. Between 1980 and 1981 indigenous preschool education 
starts, and in 1991 the program for non-schooled initial education was set in motion. [33] 
In the state of Puebla, the initial native education is located in the non-schooled system. It represents 
23.8% of the total education offer. Indigenous Preschool Education represents 30.9% of the General 
Preschool Level. For the Elementary level, it represents 19.9% of the General Elementary Level. [33] 
Subscribed to the Elementary level is the Program of School-Shelters. In this program, teachers of the 
Subsystem work as directors of shelters, taking care of the administrative tasks, food preparation, caring 
for the students and organizing the productive activities. The program offers several different 
modalities. [33] 
 School shelter: Food and accommodation are offered to the indigenous child population that 
does not have access to education services in their own communities. 
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 School diner: Food and complementary activities are offered to native children and teenagers 
who live in the area where the education centre is located, and according to nutrition diagnoses, 
are in need of supplementary nutrition. 
 Communitarian shelter: The students are offered services that contribute to strengthen their 
learning process throughout Basic and Middle High Education.  
Despite all programs set in motion throughout the years, the infrastructure for education in the region 
of the Sierra Norte in Puebla is well underdeveloped, according to studies conducted by the Federal 
Government. After more than a decade, the issues on an educational level have not varied greatly; there 
are still fundamental aspects completely fallen behind, which limit the social welfare of the indigenous 
population. [33] 
3.4. Information about the school shelter in Tentzoncuahuigtic 
The school shelter in Tentzoncuahuigtic, for the year 2012-2013 had a total of 48 students. [34] A survey 
was conducted to learn about their personal background.  
A large majority comes from Tentzoncuahuigtic itself, followed by the communities of Zitlalcuautla and 
Toltemic. The distribution of the children according to their hometown can be seen on Figure 16. 
 
Fig. 16. Hometown 
 
Most of the students have large families, of six (28%)  and seven members (44%). Figure 17 shows the 
rest of the results. When asked about whether they had siblings also living at the shelter, 78% answered 
in an affirmative manner, 64% of it with one other sibling also living in the institution. 
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It was also inquired about how many people in their family contributed to the household income. More 
than half of the households are sustained by the earnings of two members, which in most cases are both 
parents. An important 25% of homes is supported just by one person. Over 90% of all students 
mentioned agriculture as the sole main economic activity in their family is agriculture.  
Another aspect that was inquired after was the highest education level achieved in their family (Figure 
18). Middle school (50%), followed by elementary school (28%) are the most common levels achieved 
for the families of the students. 
 
Fig. 17. Number of family members 
 
Fig. 18. Highest education level in the family 
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3.5. Conclusion of the chapter 
On this chapter, some historical context was given for the region where the shelter is located. Since 
early on, the Sierra Norte of Puebla has been a territory where native communities have been the 
majority, although after the Spanish Conquest they lost power and political control, becoming 
marginalized in their own land. As a result, several initiatives have been implemented throughout 
decades, to avoid the complete oblivion of the indigenous traditions of these communities. 
In terms of education, there is a special subsystem aiming at the indigenous community, where several 
different programs are being put into action. One of these programs is the school shelter, where the 
project took place. However, there are some important aspects that still need much improvement.  
Analyzing the results of the survey, it was clear that the students in the shelter come from rural 
communities, where agriculture is a fundamental aspect of their everyday lives. It 
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Chapter 4.  Research process in 
Tentzoncuahuigtic, Mexico 
4.1. Overview of the chapter 
In the present chapter, the activities aiming at lifting the barriers and involving the community in the 
design process of the desired solution will be described. Apart from that, the results of a preliminary 
study done prior to the project will also be presented, where it is shown how one of the most important 
needs for the community of the shelter was the supply of domestic hot water.  
4.2. Preliminary assessment of needs in the shelter 
A background study was performed to assess what where the needs of the inhabitants of the shelter, 
and what did they wish it was changed of their current living situation. They were separated in different 
groups: small children, teenagers and caretakers in the shelter. In addition, representing the parents of 
the children, two mothers were also consulted about their viewpoints. Table 1 shows the distribution of 
the population interviewed. 
Table 1. Population interviewed 
Demographics of the shelter 
  Male  Female Total 
Children 11 15 26 
Teenagers 9 7 16 
Caretakers 2 3 5 
Parents - 2 2 
Total 49 
Different activities were arranged depending of the group it was consulted. At the end of all activities, a 
focus group was arranged, so everybody could anonymously share what they did and did not like about 
the conditions in the shelter.  
4.2.1. Discussing the perceptions and necessities of the children 
Figure 19 shows the distribution of the children according to the school grade they are in. The age of the 
children ranged from 6 to 11 years old, with a mean of 9 years old.  
The first activity required the children to make a drawing and write a short story about the shelter. The 
purpose behind this activity was to allow the children to easily express and represent their perceptions 
about their livelihoods. [estudio] Four different dimensions were analysed from this activity: Physical 
Aspect of the Institution, Perception of Entry to the Institution, Interpersonal  Relations and Perception 
and Emotions towards the Institution.  
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Fig. 19. Distribution of the children according to school grade 
The results of the activity showed that the children would want better facilities; the playground and the 
dormitories were deemed rather small, and the multi-purpose room was only perceived as a dining 
room. However, the children qualified the overall experience as positive, as they reckoned they feel in a 
safe, sheltering environment, with the possibility to make new friends. 
The second activity explored more in depth what situations the children wanted to change with respect 
of their everyday life in the shelter. They were asked to make a drawing in which they described the 
changes they would like to see in their place of residence. Recurring ideas related to the improvement 
of the places where they could spend their leisure time –i.e., the basketball court, a dedicated 
playroom- and the access to communication technology –internet and television, for the most part-. In 
addition, the necessity of supply of hot water was mentioned often, both orally and on a written 
account. 
The third activity involved a voting, among the children, of those changes they desired the most. 
Everyone was allowed to vote for every idea they deemed important. The results of this activity can be 
seen on Figure 20. 
From this graph, it is possible to observe that those needs revolving around the physical structure of the 
building are the most important ones for this population.  
 
4.2.2. Discussing the perceptions and necessities of the teenagers 
The age of teenage population of the shelter ranged from 12 to 17 years old, with an average age of 16 
years old. Most of them have younger siblings also living in the institution. The time they have been 
living in the shelter varied –at the time of the preliminary study- from five months to nine years. Their 
school grade was between 6th grade and 11th grade, with an average grade between 10th  and 11th grade. 
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Figure 20. Ranking of promoted necessities among children 
 
The teenagers had to answer a questionnaire of thirteen questions that inquired about different aspects 
of their life in the shelter. They were required to give their opinion about the shelter. Their answers are 
shown in the following figure. 
 
Figure 21. Opinion of the teenagers about the shelter 
From figure 21 it is possible to observe that, in general, there is a very positive opinion about the role 
the shelter has in their academic and personal lives. However, it was also pointed that some 
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improvements and changes should be made. In the following chart, it is possible to observe which are 
the major alterations that should take place, according to the teenagers. 
 
Figure 22. Desired changes in the shelter 
From the chart above, it is possible to estimate the importance of having a continuous supply of hot 
water for taking showers (20%). No other single component reached such a high percentage. 
The population was also requested to rank these modifications, from most urgent to least. The results 
showed that for the teenagers, the most pressing change that needs to take place is the improvement of 
the buildings of the shelter, closely followed by the provision of hot water in the showers. A proper 
study room, and the possibility to having lighting all day were the following two changes in importance.  
4.2.3. Assessing the perceptions and necessities of the caretakers 
Five caretakers were interviewed for the study; 3 women and two men.  Their involvement with the 
shelter varied between six month and one year and a half. Three of them had already prior experience 
working in this type of facility. The caretakers were asked to answer a questionnaire of thirteen 
questions 
For those who had done a similar work before, the main difference with the present shelter was the lack 
of space for leisure activities, although they found a larger administrative control in the shelter in 
Tentzoncuahuigtic. Nonetheless, they believed the shelter was of great support for all the students, 
especially those coming from a different community. They also stated, however, that some changes 
need to be made in order to provide a better stay for all the population. On this behalf, they concurred 
with the perceptions earlier expressed by the children and the teenagers, as they believed changing the 
dormitory roof was of paramount importance. Designated spaces for studying and presentations –i.e., a 
library, an auditorium-; functioning showers with hot water and overall improvement of the sanitary 
conditions; a bigger dining room and a place where they could grow vegetables and others were also 
needs mentioned by the caretakers. 
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The caretakers were required to rank the changes they would like to see implemented in the shelter, 
being the first one the most urgent and important. They considered having hot water available in the 
showers as the most significant one; better infrastructure, a dedicated study space, a farming space and 
access to lighting all day were the other changes they would have liked to see implemented.  
4.2.4. Assessing the perceptions of the parents 
The preliminary study also collected the point of view of two representatives of the parents of the 
students living in the shelter.  They also responded a survey with thirteen questions, in which they were 
asked to give their opinion about the conditions of the shelter. 
The parents commented that their children are quite content with the shelter, especially in terms of 
their fellow partners, and with the relationship they have with the teachers there. On the other hand, 
they also reckoned that important changes need to be done. For instance, the proper functioning of the 
showers was deemed very important, as well as fixing leaks and keeping an overall inventory of the 
things that work and do not work. They would also wish that there were computer rooms, more 
extracurricular activities, and a more frequent presence of the director of the shelter. 
When asked to rank the changes from most urgent to least, it was clear for both of them that hot water 
in the showers was the most pressing one, followed by improvements in the infrastructure of the 
buildings, access to day-round lighting, study rooms and farming spaces. 
4.2.5. Conclusion of the study 
From the study, it was possible to conclude that there is a very positive perception of the shelter among 
the students who live there. They find themselves in an ambient where they feel safe, nurtured, and 
where they have the possibility to form meaningful bonds with fellow classmates. This reality has been 
acknowledged by caretakers and parents. 
Discussing the state of the infrastructure, it was found that there are major concerns about the size and 
condition of the dormitories, especially their roofs. Additionally, it was mentioned by every population 
subject to the study the necessity of better and bigger bathroom facilities –connection of the boilers, 
more lighting-, being this one of the most important needs in the shelter of Tentzoncuahuigtic.  
Another issue mentioned frequently was the need for a bigger dining room, and separated facilities for 
leisure and academic activities, as currently all activities take place in the dining room. The student 
population was also emphatic in the need of a bigger playground, and the repairmen of the sports court. 
4.3. Activities with the inhabitants of the shelter 
As mentioned in the previous section, a preliminary study was conducted to learn the needs of the 
dwellers of the shelter. This was the opening part of a process where feedback  was essential to reach 
the desired final proposal. Posterior research and activities undertaken in Tentzoncuahuigtic were of an 
exploratory nature, where an iterative process between data collection and its subsequent analysis took 
place. The reason behind this approach was that in this way, it was possible to increase the flexibility of 
the investigation, a desired trait for the project; greater flexibility implied the chance to have better 
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data, and include aspects that became apparent once the interaction with the population of the shelter 
began. Figure XX shows a scheme of how such cyclic, learning process took place. 
 
Fig. 23. Iterative nature of the learning and design process of the project [35] 
From all the necessities  acknowledged in the preliminary study, access to hot water for the use of the 
showers was chief among them.  Focusing on this particular issue, some activities were conducted to 
have helpful feedback from the community itself, which was put to later use in the design of the final 
proposal.  
The activities spread throughout a number of weeks, where interaction with the community was 
achieved by means of conversations and dynamics. The final design proposal presented in this 
document took as input all the information gathered in this manner. 
4.3.1. Introductory activities 
The introductory activities took place in order to get acquainted with the population, and to lower any 
aversion to participation. As it was mentioned before, getting the community –especially the children 
and the teenagers- involved in the design process was fundamental  for the development of the project;  
their thoughts and suggestions established the path that it was needed to follow in order to reach to a 
solution that the community would accept, embrace and maintain. 
The introductory activities were divided in two phases. During the first phase, the population was 
divided in two different groups: children,  and teenagers and adults; each group was given a different 
task, with the same basic question : ‘What would you do if there was more water available in the 
shelter?’. For the second phase, both populations had to design posters in which they would record 
which measures would they take to give water a better use. 
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4.3.1.1. Activity with the children: What would you do if there was more water available 
in the shelter? 
For the first  day, a total of 24 children participated in the activity. They were divided in groups of five 
and four members, and were required to make a drawing in which they would envision the answer to 
the question ‘What would you do if there was more water available in the shelter?’. The materials they 
used were play dough, colour crayons and markers. Each of the teams chose a name to represent 
themselves, as it can be seen on figure 24. 
 
Fig. 24. Teams of children for the first activity 
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Fig. 25.  Drawings of some of the teams 
There were common topics for all the drawings. Figure 26 summarizes the ideas exposed in the works of 
the children. 45% of all the children expressed their desire to have more water for the trees and plants 
around the shelter, and to also use it for watering crops. What is more, one group even mentioned that 
they would like to do this to grow vegetables and give them away to other people. Another common 
desire, which was already present during the preliminary study, and was repeated during the activity, 
was the possibility to have hot water in the showers. It was mentioned by 36% of the total population. 
Two of the five teams would also like to employ the prospective extra amount of water to have a pool, 
as they commented summers are usually quite warm. It is possible to conclude that this answer relates 
to the overall desire of having more facilities for other type of activities, besides their academic 
responsibilities and their duties around the shelter. 
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Fig. 26.  Uses for the water: children population 
It is important to pinpoint the fact that, when first asked about how they would like to use an extra 
amount of water, most teams mentioned ideas that would benefit them all as a community –e.g., 
employing the water for irrigation-, instead of talking right away about the issue of the showers, which 
would benefit their personal comfort greatly. It was not until the third team mentioned it, that  two 
other groups added it in their own presentations. This showed just how significant it is for them to be 
able to produce their own food, and also to collaborate with the rest of the community. This desire was 
carefully taken into consideration for the design of the final proposal.    
4.3.1.2. Activity with teenagers and caretakers: What would you do if there was more 
water available in the shelter? 
The activity proposed to the teenagers and caretakers was to have a debate revolving around the same 
question posed to the children: ‘What would you do if there was more water available in the shelter?’.  
In total, there were 22 people involved in the meeting: sixteen students of ages between 12 and 17 
years old,  the director of the network of indigenous shelters in the region, a teacher from the school 
and four of the caretakers (who are in charge of cooking and supervising the maintenance of the 
facilities). 
The debate took place in the basketball court, where it was possible for all the participants of the 
discussion to get a broad view of the state of the facilities of the shelter, and in this manner, assess their 
infrastructure needs better. 
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Fig. 27. Debate with the teenagers and adults 
At the beginning, the participants were hesitant to come forward and express their thoughts, even 
though before starting they were reassured that the tone of the conversation would be friendly, and the 
opinion of everyone would be respected. It was surprising, given their cultural background, that the 
female population came forward first.  They took the opportunity to share their opinion, and they did it 
so in a mature way, although they were also getting somewhat upset about their living conditions. On 
the other hand, their male counterparts were more distracted, deviating at times from the question at 
hand; and most of the younger participants were quite reluctant to participate at all. This changed when 
they were reminded that all opinions were welcomed.  After the teenagers expressed their ideas, it was 
the turn for the adults to also address the problems with the shelter; in this manner, the students would 
not be conditioned by the points of view of their elders, which are all figures of authority for them.  
In general, the adults were more participative, and open for discussion, while the teenagers in general 
were more cautious, and at times reluctant to share their opinions at all. Nonetheless, it was a good 
exercise, and some important conclusion were drawn from it. First and foremost, both teenagers and 
adults listed as important being able to access hot water for daily showers, and having more water to 
grow their own vegetables and fruits.  
Hot water would help improve the personal hygiene of all the students, something the adults are 
particularly concerned with. They also mentioned that, if more water was available, activities such as 
cleaning the facilities and doing the laundry would be done more often.  
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The desire to have their own crops was also pointed out as a major desire among the population. The 
location of the shelter, on top of the Sierra Norte in Puebla, is rather isolated. And when it is winter 
time, the roads can be very difficult to access. In that order of ideas, having their own produce could 
give them some more independency. 
The students also mentioned other ideas, like having a pool, and an aquarium. The adults, on the hand, 
mentioned that, if indeed they could be able to grow part of their own food, would prefer having an 
automatic irrigation system as well. 
4.3.1.3. Common activity: How to give good use to water. 
For this activity, all the students were divided by groups, and requested to draw a poster in which they 
would show their ideas on how they would solve the following query: ‘How would you give a good use 
to the water?’. The purpose of the activity was to create awareness to the fact that water is a very 
useful resource, and therefore, taking good care of it is fundamental. At the end, each group was 
required to present their ideas to their fellow classmates. Figures 28 shows some of the groups during 
their presentation. 
The children did not only focus on measures to use water in an efficient, thoughtful manner, but also 
addressed the issue of water collection. Two ideas were repeated in all of the posters: No excessive use 
of water while showering; and capturing rainwater from the roofs and storing it in tanks for irrigation 
purposes. Some teams even expressed ideas about building dams to harvest the water, while others 
suggested watering the crops before sunrise or after sunset. 
Overall, it was notorious the basic knowledge the students have about agriculture, something 
reasonable as for most of their families it is their mean of subsistence. 
Overall, the actions taken for this first activity aimed at reducing barriers related with psychological and 
cultural factors of fear and distrust to outsiders being introduced to the community. Making the 
students feel comfortable enough to share their ideas and desires was of paramount importance for the 
development of the subsequent activities. In this order of ideas, the dynamics of the day focused  on 
hearing the opinion of the population, and doing it so in a friendly manner, where everyone felt that 
their thoughts were taken into consideration. 
This personal approach, combined with genuine interest shown about other aspects of their lives made 
possible the openness of many members of the community, and the reduction of the barrier concerning 
distrusting outsiders. Furthermore, Activity 1 set the basis for reducing the barrier of lack of 
commitment with the new project, as it was made clear from the very beginning that the result of the 
project would be an expression of what they shared during the visits to the shelter. As a result, it was 
created a feeling of ownership of the project among the members of the shelter. 
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Fig. 28. Posters for the presentation 
 
4.3.2. Second activity: Introducing the idea of Renewable Energies and 
Renewable Energy Technologies 
Once the desires and needs of the population were established, the following phase was dedicated to 
showcase, by means of experimentation, the usefulness of harnessing natural resources –i.e. the power 
of the Sun- to solve one of their most urgent necessities: the access to domestic hot water. 
The second activity was divided into two different parts. First, a small introductory lecture about 
renewable energies was given, followed by the construction of a home-made solar collector, to illustrate 
how the energy from the Sun can be used to heat up water. On this occasion, three teams were formed, 
were children and teenagers were mixed. 
The lecture given was divided into two main parts: ‘What is Energy?’ and ‘What are Renewable 
Energies?’. The activity started asking the children what did they think it was energy, and what was the 
use of it. There was not a lot of participation, but words like ‘movement’, and ‘light’ were related to the 
concept of energy. After this initial round of questions, the definition of energy was given. This was 
followed by explaining the two broad categories into which energy is classified: potential (for example, 
chemical energy, mechanical energy, nuclear energy) and kinetic (for example, electrical energy, wind 
energy, thermal energy)  
P a g e  | 50 
 
 
The second part of the lecture was dedicated to how the sources of energy are classified. In this section, 
the differences between renewable and non-renewable energy were explained, focusing on the two 
biggest ones: the impact on the environment, and the ability to replenish the source.  In order to 
reinforce the theory explained during the second part of the mini-lecture, a small activity was carried 
out with the students. They were divided in teams of five or six students, and given out small cards with 
drawings symbolizing five different energy sources: solar power, wind power, biomass, coal and 
petroleum. As the explanation unfolded, the students were asked to match the name of the source with 
the proper drawing. Afterwards, a general round was made, and each group was asked to classify the 
energy source as renewable or non-renewable. Figures 29  and 30 show some of the results from this 
activity. 
 
Fig. 29. Flashcards of the activity 
 
The students were significantly  involved at all times with the activity, much more than in the previous 
visit. They were participating at all times –especially the teenagers-, and led the discussion about what 
was energy, and which sources could be considered as renewable, and why. 
After summarizing what was taught during the first half of the day, the students were separated into 
three different teams, and were given the guidelines on how to build a solar collector using articles 
readily available in their everyday lives (See Appendix A.1). 
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Fig. 30. Final results of the classification exercise 
 
The collectors were built using shallow cardboard boxes, hoses, aluminium foil, black paint and plastic 
wrap. Throughout the construction of the collectors, the students were explained some basic principles 
of their operation –i.e., why the bottom was covered with aluminium foil and painted black, why the 
hose was coiled, why the whole box was wrapped in plastic wrap-, so they would have a general idea on 
how this type of technology worked. Water was recirculated back and forth from a plastic bottle. Figures 
31 to 35 show parts of the procedure. 
 
Fig. 31. Removing the top of the cardboard box 
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Fig. 32. Covering the bottom of the box 
 
Fig. 33. Attaching the coil 
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Fig. 34. Painting the box 
     
 
 
 
 
 
Fig. 35. Final result 
The purpose of this activity was to make an introduction about how to use renewable energy 
technologies, and to lift any barriers concerning the use of technology, and unfamiliarity with it. The 
thought behind using the simplest materials for the experiment was to be able to show the students, in 
a context they could relate to, how these technologies do work, and how renewable energy sources 
could be part of the solution for some of their necessities. Evaluating the results of the day with the 
students, it was found that the objective was fulfilled. Several of them mentioned that they would 
definitely try to repeat the experiment once they were back in their home. And when asked about what 
they had learned, some explained how important it was to know that there were ways to heat up water 
without using gas, wood or electricity. 
Making the experiment with the simplest-to-find elements facilitated the knowledge transfer, and made 
a technology that could be initially perceived as completely alien to their daily life, something relatable 
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and reproducible. This was evidenced in a later visit, when several students confided that they had 
actually used the water heated by the solar collector to take a shower; this is a clear pointer on how the 
barrier of use of technology was reduced by the activity that took place.   
4.3.3. Third activity: Recycling water and using it for crop irrigation 
The objective with this activity was to show the population of the shelter how water, after the right 
treatment, can be reused to cover one of their needs: supply of irrigation water for their crops when 
there is little rain. 
The activity was divided in two parts; First, the principle of how grey water can be filtered was 
explained, making the comparison with how water filtration in nature works –i.e., the water goes 
through different layers, being cleaned in every step-. Afterwards, two complementary experiments 
were conducted: making a simple filter, and then using it in the setup of a small self-watering rain gutter 
grow system [36], used specially when the water availability is low. 
The first part of the activity was spent explaining what grey water was. Grey water is any wastewater 
from households –except toilet water-: water used in kitchen and bathroom sinks, bathtubs and shower. 
When treated and cleaned properly, it can be used for irrigation purposes, though never for human 
consumption. Additionally, it was mentioned that grey water cannot be stored for more than 24 hours. 
The reason is that grey water  contains a significant amount of organic components found in it due to 
soap and dirt, and these components make use of the oxygen in the water, once they start to 
decompose. As a result, the water becomes anaerobic, later turning to septic, with bad odour and 
becoming a health hazard. 
As in the previous activity, three teams were formed, mixing small children and teenagers alike;  each 
group then constructed a home-made filter, following simple guidelines and using materials readily 
available in their surroundings. Appendix A.1. shows the general instructions that each team followed; 
However, they were given freedom to experiment how large or short the filter should be, and what 
should the width of each layer be. They were also required to come up with a solution to the location 
problem, as the filters needed be on a higher level than the rain gutter system.  
On this opportunity, it was possible to observe more collaboration and participation of the younger 
children, as they took care of collecting the materials (e.g., sand, soil, rocks). Other activities, such as 
cutting the plastic bottle, were –understandably- responsibilities of the older children.  
Once the filter was done, they continued with making the rain gutter system. The idea behind this 
system was to irrigate plants where little amount of water is available. Therefore, a circle was cut on the 
bottom of each flowerpot, and a small cup with slits was introduced in the pot, and completely 
submerged in the canal, so the plant would get water from the bottom up, an approach useful where 
water is not abundant. 
All three teams tackled the issue of the location of the whole system in a very creative fashion, which 
goes to show that they are willing to embrace challenges and new ideas. Figures 36 and 37 show some 
of the construction process and the final results. 
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Fig. 36. Working on the filter 
 
 
 
Fig. 37. Filter and whole system finished 
 
At the end of the activities, the students were asked to share their impressions about the experiments. 
There was some positive feedback from them, as a few of them stated that being able to use grey water 
for watering crops could be very useful. In this manner, the objective of the activity was fulfilled, as the 
children were able to verify how, by means of simple procedures, water could be cleaned and reused for 
crop irrigation. 
Activity 3, as Activity 2, focused on reducing the barrier of use of technology. On this occasion, there was 
knowledge exchange, as the students were sharing their knowledge about how best plant the seeds –
how many seeds in each flowerpot, how deep should they be buried, how much space should there be 
from seed to seed-. 
The commitment barrier was also addressed, as a contest was made to select the team that had taken 
best care of their plants and had the best filter. This type of encouragements help create feelings of 
belonging and ownership: it made the children more participative and involved with the experiment. 
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4.3.4. Final evaluation of the activities 
For the final visit, the students were asked to fill in a short questionnaire about the activities carried out 
through the weeks. In total, 35 people did the survey, as some of the children were not available at the 
moment. Of the results obtained from the survey, there are four to be highlighted. 
4.3.4.1. Question: ‘Do you think this project will be beneficial for the shelter? Why?’ 
The positive response to this question was absolute. All of the people interviewed reckoned that the 
project would be indeed of help to their current situation, as seen on Figure 38. 
 
Fig. 38. Question: ‘Do you think the project will be good for the shelter?’ 
When asked why, a majority replied that the new knowledge acquired would be useful to transform the 
shelter (59%). Additionally, 17% expressed that after the project, they will live in better conditions. 
Modification of behaviour (12%) was also mentioned, alongside with learning new strategies for 
efficient water use (6%) and the possibility to have new crops (6%). The results point towards a great 
acceptance of the project, and the perceived value this will generate in their everyday lives. 
4.3.4.2. Question: Evaluation of the activities 
The survey also inquired about whether the participants of the activities enjoyed them, and which were 
their most and least favourite ones. Again, the positive response was absolute, as everyone gave an 
affirmative answer to this question. At the time to choose their favourite activity, 40% mentioned that 
they had liked all of the activities. 28% selected the third activity, with the filter and the small rain gutter 
system as their absolute favourite.   
On the account of least liked activity, some mentioned the solar collector experiment (Activity 2), and 
having to present during Activity 1. 
4.3.4.3. Questions: Installation and maintenance of a new (renewable energy) technology 
These questions addressed the willingness of the population to be in favour of the installation of a new 
energy source, and to take care of such renewable energy source. On this case, the positive response 
was not complete (14% was against installing a new technology), but still a large majority would want a 
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change on this regard to be made. On the other account, the willingness to help in the maintenance of a 
new technology, once installed, was higher (97% would want to help in keeping the technology). These 
results show that, although the technologies that want to be implemented are something the 
population is not accustomed to, there is a great disposition to take care of it. This can be explained as 
part of the work done with them, in the sense that these new technologies were presented to them in a 
friendly, relatable manner, thus removing the barrier of wariness to the technology. 
 
Fig. 39. Question: ‘Would you be against the installation of a new technology?’  
 
Fig. 40. Question: ‘If a renewable source was installed, would you be willing to help maintaining it?’  
 
The questionnaire can be seen on Appendix A.2. 
Would you be against the installation 
of a new technology? 
Yes
No
If a renewable source was installed, would 
you be willing to help maintaining it? 
Yes
No
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4.4. Conclusion of the chapter 
Throughout the chapter, the description of the research process in Tentzoncuahuigtic was done. The 
work in the community was separated by activities, aiming at lowering barriers of behaviour and 
reluctance to the use of new technology. Additionally, the field work conducted over the weeks also 
pointed to assess the necessities of the people living in the shelter. It was confirmed that access to 
domestic hot water was a priority for the great majority, but other aspirations were also encountered, 
such as having enough water to plant crops. The results found during Activity 1 helped shape the 
subsequent activities, therefore Activities 2 and 3 were designed to address these two major needs; and 
doing it so in a simple fashion, so all the population –children, teenagers, caretakers- would accept the 
proposal. 
As time passed, the students in the shelter became increasingly motivated. The caretakers reported 
that, the days prior to the visits, they would inquire about them. There are several reasons that explain 
this behaviour. Firstly, the visits implied a shorter day at school, as they were given permission to leave 
earlier than usual. Secondly, the activities prepared always contemplated a leisure part –competitive 
games, dance lessons-, which prevented students getting tired, bored or uninterested in what was being 
taught to them. Thirdly, each visit ended with giving them candies as rewards. All of these actions 
helped keeping the motivation and interest of the students, and in this manner, the new knowledge that 
was being presented to them was better received. 
Specific barriers where reduced to a level where they would not act against the implementation of a 
new technology. By allowing the participation of every member of the community of the shelter in 
Tentzoncuahuigtic, Cultural barriers such as elite capture –only the input of a top minority is taken into 
account- was avoided. Elite capture could have become a major issue, as there is a marked cultural trait 
of obedience to the elders in a community. Furthermore, an aspect related to cultural barriers was 
addressed and overcome, namely, the participation of the young female population. As the research 
process was carried out, the girls became more and more outspoken and involved with the activities 
presented to them. 
Barriers concerning the use of the new technology –reluctance of using it, lack of interest in it- were 
addressed and overcome by showing it in an accessible light; the experiments in activities 2 and 3 made 
possible showing the new technologies in a very simple way, making them familiar for the members of 
the community, especially for the children and teenagers. 
Overall, it can be said that the research process was successful at setting an important milestone for the 
work that will be done in the future; bonds were formed with the community, their expectations 
listened to and reshaped, and their vision included in the final design proposal. 
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Chapter 5. Final design proposal 
5.1 Overview of the chapter 
In this chapter, the final proposal will be explained. The solution, as envisioned after the research 
process, will have two major components. First, a water heating system using solar energy; and, a grey 
water filtering system for irrigation purposes. The technologies implemented will be described and 
sized, and the assumptions made to reach these calculations will be presented. 
5.2 Domestic Hot Water Supply System 
5.2.1 Introduction to water heating systems 
Domestic hot water generation systems are used to increase the temperature of water. They have 
diverse applications such as cooking, cleaning and bathing. These systems can use either fossil (natural 
gas, oil) or solid fuels (wood, charcoal, peat); or renewable energy sources (solar or geothermal energy). 
[37]There are different types of water heating systems, as mentioned below:  
 Conventional storage water heaters: These type of heaters store water in a container, where is 
continuously hot. For households, their sizes range from 75 to 400 liters. Hot water is released 
from the top of the tank when the hot water tap is open, being replaced by cold water entering 
from the bottom of the tank; in this manner, the tank remains full at all times. These technology 
usually uses natural gas, propane, fuel oil, and electricity to operate. The disadvantage of this 
system is that at times water is being heated without need of it (standby heat loss). [37] 
 Demand-type water heaters: Water is heated directly, without using a storage tank. When hot 
water is needed, cold water enters the unit through a pipe, where a gas burner or an electric 
element heats it up. As a result, supply of hot water is constant, and there are no standby losses; 
additionally,  it is not necessary to wait for the storage tank to reach a level with enough hot 
water. Nonetheless, the flow rate is limited. [37] 
 Solar water heaters: As indicated in their name, solar water heaters use solar energy to produce 
hot water. They make use of solar collectors and storage tanks, with an auxiliary system for 
when there is not sufficient radiation. [37] 
 Heat pump water heaters: These heaters move heat from one place to another by means of 
electricity. The pumps draw heat from the ground during winter time, and from the indoor air in 
summer time. For the purpose of water heating, a small auxiliary heat exchanger uses the  
superheated gases from the compressor. The water is later stored in a tank. It is necessary to 
mention that this system does not operate efficiently in cold places, requiring a temperature 
range of 4.4º to 32.2º C throughout the year [37]  
5.2.2 Introduction to Solar Water Heater Systems 
As mentioned at the end of Chapter 4, the need of domestic hot water for the shelter will be covered 
using RETs. Therefore, a Solar Domestic Hot Water (SDHW) System was chosen. There are several 
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reasons supporting this choice. Firstly, from the research work done with the population of the shelter it 
was noticeable their familiriaty with using solar energy for some basic purposes. Secondly, the students 
became acquaintant with the basic working principle behind solar collectors, as building one was part of 
one of the activities done during the visits to the shelter.Thirdly, Mexico counts with an average 
horizontal irradiation  of 5 kWh/m2/day, making it one of the countries with the best solar resources in 
the world . With this irradiation, only 0.06% of the surface of the country is needed to cover the 
electricity consumption of it all (2005 level) [38]. Finally, location makes other renewable alternatives, 
such as geothermal heat pumps not feasible even on a technological level, as the shelter sits on a top of 
the Sierra Norte Mountain in the state of Puebla. Drilling costs would be prohibitive. 
 
Figure 41.  Annual Global Horizontal Solar Radiation of Mexico 
 
Solar water heater systems are already a proven, tested technology. They are suitable for new buildings, 
but also for retrofit. On average, this technology is able to provide  60% to 70% of the domestic hot 
water demand. [39] 
 
With this system, solar energy can be used to generate  both hot water and heat, for commercial and 
residential purposes. On general terms, SDHW systems are integrated by a solar collector, a heat 
exchanger, a storage system, circulation pumps and controllers; and an auxiliary system. [39] Solar 
radiation is initially harnessed by the main component of a solar collector, the absorber, and then it is 
transformed into heat. This heat is transferred to a medium -water, solar fluid or air-, where it is 
released and can be used to generate domestic hot water that could be later stored in tanks. The 
fundamental requirement in order to use solar heating systems is that there is sufficient solar radiation 
where it is intended to be implemented. The parameters taken into account for the design are the local 
climate conditions, the hot water demand and the available budget. 
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5.2.2.1 Types of systems 
SDHW systems can be classified according their type of circulation. 
 Active systems: These are systems with forced circulation, therefore requiring pumps for the 
heat transfer fluid to circulate through the collectors. Their advantage is that they offer integral 
protection against freezing and overheat control. Besides, heat is delivered from the collector at 
an optimal rate, allowing for better choices of solar collectors, and for a better pipe layout. On 
the other hand, pumps required electricity to work, and must be controlled. As there are more 
complex systems to be taken into account, they are more expensive, with higher O&M costs. 
[39] 
 Passive systems: These are systems with natural circulation, as a result from buoyancy forces. 
Thus, the heat transfer fluid is able to move through the system without the need of pumps. 
These systems do not contain electrical components, making them more reliable, and with an 
easier maintenance. In general, they are most cost effective than their active counterparts, with 
a small payback period. As disadvantage, they need thoughtful planning to optimize 
performance, and control against overheating is rather poor. What is more, thermal losses are 
higher, lowering their efficiency. Within passive systems, it is possible to find Integral collector 
storage (ICS) systems and Thermosyphons. [39] 
ICS systems are compact, easy to assemble, and need little maintenance. Their storage capacity 
is rather limited, from 100 to 200 liters, and they have problems of night losses. Thermosyphon 
systems are self-regulating systems, with a low flow rate. As ICS systems, their maintenance 
needs are low, are compact and easy to assemble [39] 
5.2.2.2 Basic Components 
A typical SDHW system consists of solar collectors, storage tanks, a heat exchanger, piping system and 
optionally a circulation pump with a control system. [40] Figure 42 shows a schematic of a SDHW 
system. 
5.2.2.2.1 Solar collector 
This is the main component of a SDHW system. As its name indicates, collects solar radiation, and then 
transforms it in heat. The two most common types are flat-plate collectors (typical temperature range of 
30o to 200oC) and the vacuum tube collectors (typical temperature range of 100o to 250o C) [41] 
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Fig. 42. Components of a basic SDHW system 
 Flat-plate collectors: Typically, flat plate collectors resemble an insulated, waterproof metal 
box. Solar radiation reaches the absorber -painted black to maximize heat absorption- and heats 
up the circulation fluid. Materials usually used for this component are copper and stainless steel. 
It is of great importance that an absorber can withstand the stagnation temperature and 
ultraviolet wavelengths. Transparent cover plates (one or two), made out of a glass or plastic -
the glazing- placed over the absorber are used achieve higher temperatures of the circulating 
fluid and decrease the heat losses. Small S-shaped tubes attached to the absorber transport the 
circulation fluid, (water or antifreeze). A flat-plate collector has its edge insulated. A casing holds 
all the components together. [41] 
 
Fig. 43. Flat Plate Collector (Source: U.S Department of Energy [42]) 
 
P a g e  | 63 
 
 
 Evacuated-tube solar collectors: Evacuated-tube collectors achieve temperatures  between 
77°C and 177°C, thus they are used more often for cooling, commercial and industrial purposes. 
Transparent glass tubes are arranged in parallel rows, with each tube containing  a glass outlet 
and a metal absorber tube attached to a fin. The  coating of the fin is able to absorb enough 
light, radiative heat losses are inhibited. Air is from between the two glass tubes, and a vacuum 
is formed, eliminating all conductive and convective losses. A diagram of this technology can be 
observed on Figure 44 [41] 
 
Fig. 44. Evacuated-tube Solar Collector  
An important parameter to take into account is the orientation of the device. Given the position of 
Mexico, the optimal location is facing south. For optimum performance, however, the horizontal plane 
of the collector should be tilted in the same angle as the latitude of Tentzoncuahuigtic.  
Phenomena like shading, and the local weather conditions should be taken into account as well. 
5.2.2.2.2 Storage tank 
SDHW systems have a need of storing the heated water. A common way to do this is using hot boiler 
tanks. They come available in several different capacities, according to the requirements of the system 
designed. Good insulation is a requisite in order to minimize heat losses. Another important aspect to 
consider is to  have stratification levels inside the tank. [40] 
5.2.2.2.3 Heat exchanger 
Heat exchangers make possible the transference of the solar energy harnessed in the absorber of the 
solar collector to the heat-transfer fluid. These devices  can be made of different materials –steel, 
bronze, aluminium-, but for SWH systems, copper is usually used, because of its good thermal 
conductivity and high corrosion resistance. [43] 
5.2.2.2.4 Piping system 
Connects  the hot water storage tank and the solar collector. The pipelines should be designed as short 
as possible, to reduce heat losses, and be made of a non-easily corroding material. [40] 
5.2.2.2.5 Pump and control system 
For forced-circulation systems, a pump is required. In such cases, a control system ensures the 
circulation of the heat-transfer fluid, in closed loop between the collector and the heat exchanger. [40] 
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5.2.3 Technical considerations for the implementation in Tentzoncuahuigtic 
The output of a SDHW system is determined by the following parameters: aperture area, orientation 
and type of collector implemented, local solar irradiation and the losses of the system. In order to 
determine the size of the system proposed, some assumptions were made.  
According to the literature consulted, an average of 50 litres of hot water at a temperature between 55 
to 60 C per person per day are required (Only shower purposes are considered in this estimation). 
Currently, the shelter hosts 47 people. Not all of the children of the shelter bathes on daily basis –the 
teenagers and caretakers do-, but they are obliged to do so at least on Tuesdays and Thursdays. With 
the new implemented system, this behaviour is expected to change, therefore water consumption will 
be increased. However, it is still not expected that all children take showers every day, so it was 
estimated that a total of 30 people will be showering on daily basis, translating in a 1500 litres of water 
consumption a day.   
5.2.3.1 Optimum orientation of the solar collector 
SDHW systems are able to use direct and diffuse solar irradiation, therefore allowing their operation 
even when the local weather conditions are not particularly sunny. Selecting a proper tilt angle can 
maximize the amount of solar energy that is being received by the collector. The tilt angle is chosen 
according to location, roof orientation, local weather conditions and landscape. Tilt angle can be fixed or 
adjusted by the season of the year. In general terms, it is easier to mount a solar collector at a fixed 
position. [44] 
An optimized tilt can be given for three different optimum loads: Year-round load (mounting the 
collector at an angle equal to the latitude); winter load (mounting the collector at an angle equal to the 
latitude and adding 15 degrees); and summer load (mounting the collector at an angle equal to the 
latitude and subtracting 15 degrees). [44] 
It is possible to have a fixed or adjustable tilt angle. 
 Fixed tilt angle: Hot water demand is particularly important during winter. For this reason, it is 
technically sound to adjust a fixed tilt angle in order to maximize energy collection in this 
season.  
 Adjustable tilt angle: Tracking the path of the Sun during the day increases the amount of solar 
radiation collected (up to 10% in winter, and up to 40% in summer, compared with solar 
collectors with a fixed tilt angle). 
Depending on the geographical position, a suitable tilt for the solar panel, adjusted for the season, can 
be seen on Table 2. 
Table 2. Seasonal tilt adjustments[45] 
 Northern hemisphere Southern hemisphere 
Adjust to summer angle on March 30th September 29th 
Adjust to winter angle on September 12th March 14th 
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5.2.3.2 Installation of the solar collector 
There are two basic ways to install solar collectors, ground or roof mounting. 
 Ground mounting: In this case, the collector should be placed minimum 30 cm above ground 
level, in order to avoid shading from vegetation or bodies of water. [41] 
 
 
Figure 45. Ground-mounted solar collector 
 Roof mounting: As it can be observed in Figure 46, there are several different types of roof 
mounting. Standoff mounting (a) is the most used. This method is used to maintain a distance 
between the panel and the roof, thus permitting air and water passage under the collector. 
Direct mounting (b) involves placing the panels on a waterproof membrane that covers the 
sheathing of the roof directly on it. Afterwards, the structural attachments of the collector, the 
surface of the roof and the waterproof flashing are built surrounding the device. For integral 
mounting (c), the collector is built into the roof, at the same time. To support the collector, 
frames are attached to it. Rack mounting (d) is useful for flat roofs. Panels are placed at the 
desired angle on a structural frame. It is important that the connections between the collector 
and the frame; and the frame and the building are strong enough to bear wind loads and heat 
losses. [41] 
Tentzoncuahuigtic is a windy region, which is relevant to the collector as it has to be able to withstand 
wind loads. Wind loads, along with thermal contraction and expansion could cause that the bolts are not 
properly installed bolts, or the seals of the roof can become loose. In order to minimize both wind loads 
and heat losses, the collectors should be mounted parallel to the plane of the roof.  
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Figure 46. Roof mounting methods: (a) Standoff mounting, (b) Direct mounting, (c) Integral mounting 
and (d) Rack mounting 
5.2.4 Selecting the system 
The first parameter that should be taken into consideration are the local weather conditions. Table XX 
shows the monthly mean air temperature in the shelter in Tentzoncuahuigtic, given its latitude and 
longitude. 
Table 3. Mean Air Temperature in Tentzoncuahuigtic [46] 
Month Air Temperature 
(C) 
January 13.1 
February 14.5 
March 17.1 
April 19.5 
May 20.4 
June 20.1 
July 19.0 
August 19.1 
September 18.9 
October 17.1 
November 15.4 
December 13.4 
ANNUAL 17.3 
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It is possible to observe that at the location there are no freezing days, thus making the installation of an 
open loop system possible. This type of systems do not require implementing a heat exchanger. Should 
the temperature at the collector be higher than that of the storage tank, a pump is activated and cold 
water from the bottom of the tank is passed to the collector. [47] 
5.2.5 Sizing the system 
The size of the solar collector needed depends on the requirements. Some assumptions were made for 
this design process. First, an average of 50 litres of hot water per person per day are needed, making it a 
total of 2000 litres per day (only for showering purposes). Second, taking into account Table 3, 13 C was 
selected as the average cold water temperature in Tentzoncuahuigtic. Third, the desired temperature at 
the shower head is 40 C. This may seem as a large temperature, but it drops significantly as it starts to 
fall. 
Taking all these assumptions into consideration, the energy needed to heat up the water up to 40 C is 
given by the following formula: 
            [ ]  (    )[  ](                     ) [
 
    
] (                   )[ ] (1) 
            [ ]  2000 kg x 4,186 
 
    
 x (40-13) C = 226044000 J (2) 
Expressing the results in kWh (1kWh=1MJ), the energy needed is 62.79 kWh per day. Knowing the 
energy demand, it is possible to calculate the area needed. In table 4 it is possible to observe the mean 
solar irradiation of Tentzoncuahuigtic. 
Table 4. Mean solar irradiation of the location [46] 
Month Mean Solar 
Irradiation 
(kWh/m
2
/day) 
Warm 
Water 
Demand 
(kWh) 
Jan. 4.48 62.79 
Feb. 5.10 62.79 
Mar. 5.81 62.79 
Apr. 5.94 62.79 
May 6.07 62.79 
Jun. 5.51 62.79 
Jul. 5.58 62.79 
Aug. 5.37 62.79 
Sept. 4.84 62.79 
Oct. 4.78 62.79 
Nov. 4.67 62.79 
Dec. 4.38 62.79 
Mean 5.21 62.79 
P a g e  | 68 
 
 
Taking the average of the solar irradiation throughout the year, with an efficiency of 40% , and using a 
flat-plate solar collector,  
     [  ]  
                     [   ]
(          )(                       )[
   
  
]
 (3) 
     [  ]  
         
(    )(    )
   
  
         (4) 
This area is equivalent to about 15 solar collectors. The collectors will roof-mounted, to avoid shading 
from the obstacles in the surroundings. 
5.2.6 Cost of the system 
The installation costs of a SDHW system depend on several different parameters. In the case for Mexico, 
the price per square meter ranges between 143 to 250 EUR. Therefore, in the present calculation, 
            [   ]  (    ) (          ⁄ )             (5) 
5.2.7 Subsidies 
Nowadays, the energy policy in Mexico regards the diversification of the energy sources for electricity 
generation purposes as highly important. Therefore, promotion and development of new technologies 
that could help achieve this objective is being done. Since 2001, the Regulatory Commission of Energy 
(CRE, for its initials in Spanish) approved  several regulatory tools for managing the availability of 
renewable energy sources (solar, wind and hydropower), in order to encourage electricity generation 
initiatives that would follow the schemes of external energy producer, self-supply, co-generation and 
small producer. On this regard, development and financial schemes are being put into place, with the 
support of  the Mexican Development Bank (Banca de Desarrollo de México, in Spanish), and BANOBRAS 
(National Works and Public Services Bank). [48] 
On the specific subject of promotion of Solar Water Heating technologies, a number of initiatives have 
been implemented, from the year 2004 onwards. [49] 
 Tax exemption to renewable energy technology equipment: Starting from 2004, companies 
and/or particulars with business activities  can deduct in an accelerated manner the investments 
done on solar equipment, such as solar collectors. This instrument is not often used as it is not 
well-known among prospective users. 
 The environmental Law of the Federal District Government (GDF): The local government of 
Mexico DF has put through a norm that mandates that all governmental facilities have to cover 
at least 30% of their domestic hot water needs by means of solar energy. The ruling is on its 
implementation process. 
 Voluntary Certification for flat solar collectors of the National Association of Solar Energy 
(ANES): ANES promoted and established, with the support of Conuee (then Conae) and 
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CANACINTRA, a voluntary certification applied to flat solar collectors, in order to determine their 
thermal performance and to ensure a minimum quality level in their manufacture.  
 Testing facilities: To further support the voluntary certification, the Guanajuato University, with 
the assistance of CONACYT in Guanajuato accredited a laboratory with the capacity to conduct 
the tests needed to give the voluntary certification. The testing facility is operated by the 
University itself, under a contract with NORMEX. Tests made to the collectors to certify their 
performance include static pressure, exposition to solar radiation, calculation of the time 
constant and others. The laboratory began operation on September 2006. 
 Program from FIDE (Fideicomiso para el Ahorro de Energía): The Trust for the Saving of Energy 
(FIDE) established a program among the workers of the Federal Commission of Electricity (CFE, 
its initial in Spanish) for the use of solar water heaters. 
 Study from Conae: Alongside with the German Organization for Technical Cooperation (GTZ, for 
its initials in German), Conae undertook an analysis for the implementation of a pilot project for 
financing solar water heaters for the residential sector. The program looked into different 
commercialization mechanisms for these technologies. 
 Project ‘Renewable Energies for Agriculture’: the Trust for Shared Risk from the Secretary of 
Agriculture, Stockbreeding, Rural Development, Fishing and Feeding (Firco-SAGARPA) supports 
financially the installation of systems for water heating in agro-industrial facilities. 
 Pilot project from CONAFOVI (Comisión Nacional de Fomento de la Vivienda): the National 
Commission for the Promotion of Housing is encouraging the promotion solar heating systems 
on five different locations.  
As it can be seen, there are several initiatives involving different sectors. For this reason, Conuee 
(National Commission for Efficient Energy Use) launched Procalsol, the Program for the Promotion of 
Solar Water Heaters in Mexico. The objectives of the program are sponsoring the use of solar heating for 
water heating in the residential, commercial industrial and agricultural sectors in Mexico;  guaranteeing 
proper quality during the growth and establishment of the market; Favouring the development of the 
national industry; and promoting the adoption of technology developed nationally. The overall goal 
from this program, -that started on 20007- was to implement, by 2012, 1.8 million square meters of 
Solar Water Heaters. By the end of 2011, 1.19 million of square meters were installed already. And 
according to the report from the Energy Office (SENER, Secretaría de Energía), at least 12.3 additional 
square meters of solar heaters will be installed by 2026 [50] 
One of the guidelines of the program focuses on economic incentives for the installation of the solar 
water heating technology. There are four specific actions taken within the program, which are applicable 
for the present project. [49] 
 Collaboration between SENER, Conuee and SCHP (Office for Tax Collection and Public Credit): 
The joint work between these three Offices has the objective to promote among particulars and 
companies the awareness of an economic incentive that allows the accelerated depreciation of 
the equipment in one year, as long as such equipment is fully functional at least five years. 
Additionally, the evaluation of the current fiscal and economic incentives is done, and 
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workshops integrated by these three actors are put in place, in order to design new mechanisms 
that are beneficial for end users, manufacturers and distributors of the technology. 
 Mortgage financing for new households that implement solar water heating systems: 
Financing is one of the key elements for the promotion of Solar Water Heaters. One of the 
programs of this category is the ‘Hipoteca Verde’ (Green Mortgage), where homeowners can get 
an additional credit if they use it for implementing energy-saving technologies, including solar 
collectors. This credit system was set up by Infonavit since 2010, and it has had a tremendous 
success. By 2011, 75% of all credits granted by the Institute were of this nature, and almost all 
credits in 2012 were from this category. [51] For the homeowners, the estimated savings are 
60% in water consumption, 50% in natural gas consumption, and 40% of electricity. And on 
average, 1.2 CO2 tons are not emitted per house per year. [52]  
 Promotion of financial instruments in the development bank for productive activities 
(industrial, services and agricultural): Having special mechanisms that reduce the risk 
perception among financial actors, and the creation of soft credits with public capital will help 
reducing interest rates; this in return will help lower the costs for solar equipment. This type of 
scheme is favourable when provision of domestic hot water is highly relevant. 
With this in mind, Conuee, in coordination with the development bank will identify and support 
the design of instruments that help with the promotion of financing schemes for solar 
equipment used for production activities.  
 Special promotion fund: Creation of soft credits for the promotion of Solar Water Heaters 
among less privileged sectors is paramount for their adoption there. Therefore, Conuee has 
worked with international organizations such as the World Bank or the Inter-American 
Development Bank for the design, collection of funds and implementation of such promotion 
fund. 
Additional to these mechanisms of funding in the Procalsol program, there are other support 
mechanisms for renewable energy projects in general, in which the solar collector technology is 
included. These support mechanisms are offered by NAFIN (Nacional Financiera, a state-owned 
Development Banking Institution). [53] 
 Take of risk on equal conditions:  This mechanism offers the financing, with debt, to either new 
or operating renewable energy projects. NAFIN would finance up to 25% of the total investment 
costs of the project. 
 Emission of capital and debt placing: According to the capital invested and the level of risk, it is 
possible to obtain resources in the stock market by emitting a long-term debt. 
 New funding schemes: NAFIN proposes new funding schemes on a project-by-project basis, to 
aid them with their liquidity issues in the case of Off-Takes substitution, or because of lack of 
resources given a plunge of the tariffs. 
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5.3 Greywater recycling system 
Taking into account that it is the desire of the members of the community to have their own crops in the 
shelter, and that the water supply is not –at the moment- sufficient, a system where greywater is 
reutilized will be implemented for this purpose. 
5.3.1 Considerations about greywater 
Greywater is all water from bathroom sinks, showers and so on, which has not been in any contact with 
feces. It may contain traces of other substances, like soap, grease or hair. Greywater, when treated 
properly, can be used for irrigation processes. [54] 
It is important to make the distinction that greywater cannot be treated as freshwater, therefore it is 
not possible to store it for more than 24 hours, as the nutrients it contains will break down and generate 
unpleasant odours. Its use is only for irrigation, as it is not completely potable. Greywater is not for 
human or animal consumption. It is also recommended not let it pool up, as it can attract mosquitoes. 
[54] 
5.3.2 Description of the system 
The system for greywater recycling is divided in two parts. Two ‘ecological sinks’, with a capacity of 1000 
litres each will be constructed and attached to flush bottom tanks, which will be used for storage and for 
watering the crops. A brief guideline for how to implement each technology will be shown in the 
following sections. 
5.3.2.1  ‘Lavadero ecológico’ (Ecological sink) 
The ‘ecological sink’ is a technology that treats greywater by means of a biological system. It consists of 
five chambers made out of brick and reinforced with a metallic grid. Figures 47 and 48 show two 
different views of the device. Figure 48 also shows the different parts of the sink. . There are: a grease 
trap (1), two anaerobic filters (2)–made with PET rings to augment the surface available for bacteria 
growth-, and two filters of gradated materials (3), with a sink (4) on the top. [55] 
Two sinks will be implemented for the project, as each one of them has a capacity of filtering 1000 litres. 
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Fig. 47. Frontal view 
 
Fig. 48. Side view 
The sink should be built close to the greywater outlet, but taking care of not blocking entrances or 
circulation areas. Once the location is selected, clear an area of 10 x 4 meters. Make sure the terrain is 
at a level (minimum one meter), and compacted.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 49. Preparing the area 
Next, the frame of the sink will be constructed from the metallic grid. The procedure is illustrated in 
Figures 50 to 52. 
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Fig. 50. Folding the metallic grid [55] 
 
 
 
 
 
 
Fig. 51. Overlap the tip to form the curve [55] 
 
 
 
 
 
 
 
Fig. 52. Finalized frame [55] 
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Once the frame is ready, the floor of the sink will be poured, of a mix of cement and sand. It is important 
that the mix covers the grid completely, to protect it from corrosion. Once the mix for the floor is 
correctly laid down, bricks can be  placed covering the frame, and then coat the bricks in a cement as it 
shown in Figure 53 
Fig. XX. Laying down the foundation and the brick structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 53. Building the sink [55] 
 
The piping of the sink should be placed as indicated in Figure 54 
 
Fig. 54. Layout of the piping [55] 
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3) sink 
2) basin 
1) external casing 
externo 
For the first chamber, the mould of the sink is put together. It is made out of three parts: the external 
casing, the basin and the scrubber.  
 
 
 
 
 
 
 
Fig. 55. Frame of the first chamber [55] 
The following step is to prepare the grease trap, and then fill chamber two and three with PET rings. 
Chambers four and five work as gradated filters. The layers are made out of rocks (20 cm), gravel (35 
cm), straw wastes (10 cm), and finally, fine grain sand (5 cm). Once the lids of the grease trap, and the 
sink are placed on the structure, plants will be seeded in the semi-circular chamber. The roots of these 
plants should be washed. [55] 
In general, it is recommended that the sink is used often, lest the bacteria die and cause lower water 
treatment efficiency. No chemical products, such as chlorine, pesticides, ammonia and others should be 
used at any time. In case of cracks, apply powder cement to seal them. [55] 
5.3.2.2 Flush bottom tank 
Flush bottom tanks are used for gravity irrigation of small parcels, where water access can be an issue. It 
is a self-operating device, inexpensive and simple to build and maintain. [56] 
First, a hole is cut at the bottom of the tank, in order to place the piping that will be used for the 
irrigation of crops. Inside the tank, a syphon, as shown in figure 56 will be assembled. [56] 
The outlet of the ecological sink will be connected to a hose, which is then inserted at the top of the 
tank. The pipe at the bottom of the tank will have as many perforations as furrows are dug, each at 75 
cm of each other. 
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Fig. 56. Scheme of the piping inside the tank [56] 
 
Fig. 57. Tank and furrows 
The irrigation discharges occur in two phases. During Phase 1, the tank is filled by small water volumes 
up to 0.02 l/s. Afterwards on Phase 2, The tank is discharged onto the furrows through the holes in the 
exterior piping. [56] 
Some recommendations are given for the proper operation of the device. For starters, should the 
syphon seem not to be working, check for air escapes in the joints of the pieces, and if needed, change 
the defective parts. If there are water losses at the irrigation pipe, make sure it is well connected, with 
no leaks. Finally, it is important to keep the tank covered at all times, to avoid unwanted particles 
blocking the syphon. [56] 
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5.4 Conclusion of the chapter 
The proposed solution for the shelter in Tentzoncuahuigtic was presented in the present chapter. The 
solution, that was shaped by the needs and desires of the community, was separated into two different 
parts: a SDHW system, and a greywater recycling system. For the DHW system, and open loop SWH 
system was chosen. Through calculations, it was found that the area of solar collectors that needs to be 
installed to fulfill the intended new water use is just over 30 m2, which roughly translates as 15 
collectors. 
For the greywater recycling system, two technologies were proposed. These technologies have been 
used in projects of a similar nature, for rural communities. The system consists of an ecological sink, 
which makes use of the greywater from dishwashing and laundry, as well as of the water of the showers; 
and a flush bottom tank, that will store and distribute the filtered water to the intended crops. 
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Conclusions and Recommendations 
The purpose of the present project was to show how a social aspect can influence the technical aspect 
of a project. When first started, the focus was solely on designing a technical solution that would 
provide domestic hot water, as that was one of the necessities assessed in the preliminary study 
conducted in the shelter in Tentzoncuahuigtic, one that could be solved effectively by the 
implementation of a proven renewable energy technology. Once the project started in the field, 
however, and having the community participating with their thoughts and desires, it was obvious that 
there was another need just as important as that of hot water in the shower: water for the irrigation of 
crops. This wish, understandable and explainable by the fact that the inhabitants of the shelter all come 
from families where agriculture is the main economic activity, came apparent during the first field visit. 
In this manner, the first visit helped not only with setting the initial collaboration with the participants, 
but with giving a new dimension to the problem at hand. And it was by interacting with the community 
that this new focus became apparent. 
The results from the first activity were taken then into account to define the scope and methodology 
employed in the subsequent visits; it was necessary to work on several barriers, and doing it so in a way 
that, at the end of the field visits, the technology proposed would not be something alien to the reality 
of the children and teenagers, but something they could relate to. In this manner, the experiments for 
the second and third activity were chosen, making them as simple yet as illustrative as possible. Both 
experiments achieved their goal, lowering the barrier of fear of use of a new technology, and further 
reducing a the lack of commitment barrier. Some cultural barriers were also addressed, managing to get 
the participation of all the elements of the community. 
It was also found that stimulating sentiments of healthy competition was a good way to keep the 
students interested in the activities presented to them; to this same extent, rewarding them with 
sweets at the end of each visit, and preparing leisure activities were additional actions taken to maintain 
the attention focused. 
The results achieved during the development of this project are certainly encouraging, but it is just the 
beginning. An important follow-up task would be to get the necessary funding to implement in real life 
the proposal made. Naturally, the process with the members of the community should not be halted, 
but carried out until the children and teenagers feel like the technology is not a novelty, but rather 
something they know how to handle, and even know how to reproduce it at a small scale. 
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Appendixes 
Appendix A.1.  
Guide 1: Solar Collector 
 Materials 
o Flat box 
o Aluminium foil 
o Plastic wrap 
o Black paint 
o Hose 
o Bottle of water of 5 L 
o Thin wires. 
o Glue 
o Scissors 
 Procedure 
o Cut a  rectangular hole to the box on the front 
o Cover the bottom of the box with the aluminium foil, and glue to keep it firm 
o Cut two holes in opposite sides of the box. Take each end of the hose through one of 
the holes, and introduce them in the water bottle 
o Attach the coil to the bottom of the box, using small pieces of wire 
o Paint the interior of the box black 
o Once it is dry, wrap all the box in plastic. 
Guide 2: Filter and Self-watering rain gutter grow system 
 First, obtain a container or a plastic bottle. 
 Cut the plastic bottle at ¾. 
 Poke a small hole in the bottle cap. 
 Put a thick layer of cotton over the whole and above it  
a sponge so that the filtering material will not fall out. 
 Place crushed charcoal and then a layer of soil. 
 Put first small sized stones and above bigger ones. 
 Place another piece of cotton. 
 Finally, place the filter above a catcher container and pour  
the grey water slowly into this bottle. Allow the water to slowly 
drain through and repeat as needed. 
Cotton 
Bigger stones 
Small stones 
Soil 
Crushed charcoal 
Sponge 
Cotton 
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The steps are described below: 
 Obtain a rain gutter and end caps. Glue the latters on the rain  
gutter. 
 Get a container/flower pot and cut a hole in its bottom.  
 Insert a net cup in the hole. 
 Make sure the net cup fits perfectly the hole and the complete  
system (container + cup) sits on the rain gutter. 
 Enter animal manure in the flower pot and plant the seeds. 
 Enter the flower pot into the rain gutter. 
 Finally, fill the rain gutter with water. 
Appendix A.2. 
PERSONAL INFORMATION 
1. Occupation: Student…….. Stuff……… 
2. Community: ………………………………… 
3. Gender: Male……….Female……. 
4. Grade: …….. 
5. Age: ………….. 
HOUSEHOLD INFORMATION   
1. How many members does your family consist of ? ………….  
2. How many brothers or sisters do you have? ........ 
3. Do any of them attend the same school as you do?  Yes…….  No ………  
If so, how many? …….. 
4. How many of them contribute to the family income? ……….. 
5. What is the highest education level of the family members?  
              None     Elementary school  Junior High school  High school  College 
Rain gutters 
End caps 
Flower pots 
Net cup/Plastic 
cups 
Animal manure 
Seeds 
Hosepipe 
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6. What is the family income? 
Poor ……..    Medium ……….  High ……. 
7. What is the main occupation?  
Agriculture …….. Industry …….. Cattle breeding ………. Other; specify …………. 
8. What is the main transportation mean to go home? 
              Bus  Car     Bike       Walking  Carpooling Other; specify 
PERSONAL PERSPECTIVE 
1. What is the idea of a good school shelter? Is it: 
Basics: reading, writing, arithmetic, sleep, food ……….. 
Getting familiar with innovation: technology use ……… 
Learning values: environmental consciousness, how to care for others …….. 
Leisure facilities: library, playground, sports courts ………… 
Other; specify: ……………….. 
2. Do you think this project will be beneficial for the shelter?  Yes ……… No ……..If so, in 
which way is it going to influence the current living conditions? 
 
3. If a renewable source was installed, would you be willing to help maintaining it? 
Yes      No      Not Sure  
4. Would you object to seeing new technology in the school area? 
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      Yes      No   
5. Name the main obstacles that you think that will be faced during the implementation of 
the project? (lack of interest, high level of complexity etc) 
 
 
6. Did you enjoy the time we spent together?   Yes …………… No ………… Sometimes …………. 
7. What did you like the most and what the least of the visits to the shelter? 
 
 
8. Do you think that all the visits to the school shelter contributed to the knowledge 
improvement of the pupils?   Yes      No      Not Sure  
              Justify: 
 
9. Would you change something of the way the visits were organized (less theory, more 
game, other type of experiments)?   
       Yes ……..    No……..  
 
       Justify: 
 
 
Feel free to write any thoughts or comment you may have: 
 
Thank you so much for your time and cooperation, 
Steph y Maro 
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